This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of
to make the world’s books discoverable online.

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was nevel
to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domair
are our gateways to the past, representing a wealth of history, culture and knowledge that’s often difficult to discover.

Marks, notations and other marginalia present in the original volume will appear in this file - a reminder of this book’s long journey fro
publisher to a library and finally to you.

Usage guidelines

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belon
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing this resource, we have take
prevent abuse by commercial parties, including placing technical restrictions on automated querying.

We also ask that you:

+ Make non-commercial use of the fild&e designed Google Book Search for use by individuals, and we request that you use these fil
personal, non-commercial purposes.

+ Refrain from automated queryirigo not send automated queries of any sort to Google’s system: If you are conducting research on m:
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encc
use of public domain materials for these purposes and may be able to help.

+ Maintain attributionThe Google “watermark” you see on each file is essential for informing people about this project and helping ther
additional materials through Google Book Search. Please do not remove it.

+ Keep it legalWhatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume |
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users
countries. Whether a book is still in copyright varies from country to country, and we can’t offer guidance on whether any specific
any specific book is allowed. Please do not assume that a book’s appearance in Google Book Search means it can be used in al
anywhere in the world. Copyright infringement liability can be quite severe.

About Google Book Search

Google’s mission is to organize the world’s information and to make it universally accessible and useful. Google Book Search helps
discover the world’s books while helping authors and publishers reach new audiences. You can search through the full text of this book on
athttp://books.google.com/ |



http://google.com/books?id=5sozAAAAIAAJ&ie=ISO-8859-1

d (P ! »

. PEA
“te e .“ . .
Lo “ :.....mw.MVx ..m\nm

Y,

7

o, ‘v

=y

PNVE b
57

SN
-
S

-2

S~
Q

e

P~
S
Q
oy

~

3=
~

)

&

=~

>
@
2Q
L £
Q W
S =
Qo
.ww
SR
nr
S =
3 -
n <



Digitized by GOOS[Q



Digitized by GOOS[Q



Turmen (S
- @a WY The cetl thaery precents
e @w)swwqrww “55’—“3"
w(ﬁ@() A eribiciam of ta ClL- Theany - |
Povenfort (CR ) ¥ B ullard ’ . ‘
) eldon (0F-R) Lo An amm.iz) e
. | - A‘&
brart (§2) T o Variabion wréw MMWM'
MM oo and 4-
< w) w rale BDucclelio ‘-wfm\.(ivfi) )
n . A .o ez ot Y“LMGC)
nativval selectine

I

Wechrmar
. (jﬂ') Jecernce MWA«JA
oTgamie eoocluliom
I

\ :l \\l

Mae Rride ((40) The foaition of. morphobogys
m\;w&r‘uﬁsw



Digitized by GOOS[G



Digitized by GOOS[@



Digitized by GOOS[Q



.
. . .
et o .o * . [y
. e . .
------ .
. o ve v ses .
DR .
ce o . . .
e, % . .
o, 2 %0 ] M - .
. . « .e .




THE CELL THEORY, PAST AND PRESENT.

GENTLEMEN,

In taking the Chair at the First General Meeting
of the Scottish Microscopical Society, I would offer to the
members my hearty thanks for having done me the honour
to choose me as the President under whom the work of the
Society is to be inaugurated, and during whose incumbency the
Society is to begin to substantiate its claim to have an existence
amongst the scientific societies in Scotland. I cannot but
think that I owe this honour to a friendly feeling entertained
towards me personally by the members, so many of whom I can
claim as old pupils, rather than to the special work that I have
done in research with the microscope. For although I have
been accustomed to use the instrument as an aid to my ana-
tomical studies, yet my attention, more especially of late years,
has not been so continuously directed to inquiries in which the
microscope is an essential instrument, as has been the case with
other members of the Society, who from having specialised their
work are more entitled to your confidence.

In making our first public appearance as a Society it will be
advisable that I should say a few words in support of our
existence, and of the reason why those who have been mainly
instrumental in founding the Society have considered that such
an association might fill a vacant place and discharge a useful
function in this division of the kingdom. The primary object
of the Society is to bring into closer communication with each -
other all who are interested in the use of the microscope, and
who are engaged in researches in which this instrument is a
necessity. As the employment of the microscope is not limited
to any single branch of science, the Society is intended to
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4 PROFESSOR SIR WILLIAM TURNER.

include persons interested in every department of knowledge in
which the instrument is or can be employed. We shall be glad
to hear communications on the optical principles which guide
the maker in the construction and improvement of lenses. We
shall welcome into our body those who are engaged in the
manufacture of the instrument and its various appliances,
especially if they will communicate to our Proceedings the
particulars of improvements in it, or in any of its associated
apparatus. We shall be delighted to receive communications
on new and better methods of preparing and displaying speci-
mens, so that they may be examined with more exactitude. All
advances in microscopic technique will be welcomed by us.

But we must not stop here. Improvements in the instrument
are not the main end and object of our existence. QOur great
duty is to advance those sciences in which the instrument is
employed ; to probe to their very depths the secret places of
nature, and to do our best to advance knowledge. 'We shall have
to inquire into the structure of plants and animals in conditions
both of health and disease—to investigate the changes which take
place in them in connection with the discharge of their re-
spective functions. Those of our members who are engaged in
geological and mineralogical studies will doubtless communicate
to us the result of their researches into the microscopic structure
of rocks and minerals, and the form of their constituent crystals.
Manufacturers of textile fabrics may also have something to say
on the economic applications of the instrument; whilst those
who take a delight in testing the powers of their objectives can
bring before us any new object, the markings on which their
instruments are capable of resolving, and which may furnish
perhaps a more satisfactory test of accuracy of definition than
any we had previously possessed.

But while the advance of science is our prime function, there
are others which, we believe, will not be without benefit to our
members. We do not propose that our meetings should be
entirely occupied, as is the case with some of the older societies,
with the formal reading of papers. We wish to encourage the
exhibition of specimens, and to have discussion on them, so as to
promote an interchange of views as to the meaning of the
appearances presented by the objects exhibited. Observers will
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then have an opportunity of testing and comparing each other’s
work, they will be benefited by mutual criticism, and stimulated
to further labours. Should our Society prosper and attract a
large membership, we hope to be provided with funds, by means
of which we may render assistance to our members in the pre-
paration of their researches for publication. One direction in
particular, in which I think we may profitably employ our sur-
plus funds, if any, is to make advances to assist in the illustration
of the papers communicated to our Society. All who have been
engaged in the publication of scientific memoirs know the
difficulty of obtaining adequate illustration of their work on
account of the expense attendant on it. I understand also that
the Council have in contemplation the preparation, for the use
of members, of a clagsified catalogue of memoirs and books, de-
scriptive of objects that have been studied with the use of the
microscope. _

In developing our work, we are to keep in mind that the
microscope is only an instrument and is not the science, that its
use can only be empirical if the user has not made himself
acquainted, to some extent at least, with the principles of the
science, for the investigation of which the instrument is em-
ployed, and that the more profoundly he has studied those
principles, the greater will be the good that he will derive from
it. The conditions under which microscopic research has, to a
large extent, to be conducted throw many difficulties in the
path of the investigator, and add to the possibilities of a mis-
interpretation of the appearances seen. The necessity, in so
many cases, of making objects translucent, and consequently the
extreme thinness of the structures to be observed, destroys, to a
large extent, the relation of objects to their surroundings, and
leads to an imperfect conception or even a misinterpretation of
the appearances. The risk, however, of such errors is now very
materially diminished by recent improvements in the methods
of preparing and mounting objects. One of the greatest boons
which has been bestowed upon observers is the invention of that
form of microtome which, by cutting serial sections, enables the
observer to build up a part, and, in his mind’s eye, to see it, not
in one plane only, but as a solid body, and to restore its form.

The extreme delicacy also of many objects, more especially
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the tissues of animals and plants, throws difficulties in the way
of accurate observation. But here, again, the various methods of
hardening and staining have removed many of these difficulties,
and have enabled us to form much more reliable conceptions of
structure, and of the changes which take place in organs, during
the discharge of their functions. For amongst the most remark-
able and important additions to our knowledge which the micro-
scope has enabled us to gain is the difference between the
appearance of a tissue or organ when passive, or in a state of
rest, as compared with its appearance when actively at work,
and it is in this connection that the microscope has proved so
important a boon to the physiologist. The movementsof white
corpuscles and other amceboid bodies, the phenomena of muscular
contraction, the altered appearance of glands when engaged in
active secretion, the changes which take place in cells during
multiplication, are all cases in point.

As myself engaged in biological studies, it is only natural -

that my attention should have been more particularly directed
to the use of the microscope in connection with them, and to
. the influence which it has exercised on their advancement.
Since the time of Hooke, Grew, Malpighi, and Leeuwenhoek,
this influence has been continuous and progressive. The dis-
covery that by certain combinations of lenses an achromatic
field could be obtained, enabled practical opticians to construct
objectives of a magnifying power and capacity for definition far
superior to any that had previously been employed. These
improvements in the instrument in their turn led to discoveries
of the utmost value in the structure of plants and animals, and
to generalisations of a wide-reaching importance.

One of, if not the most fundamental of these discoveries, was
the recognition of the anatomical unit, which we call a CELL, as
a common element in the structure of organisms. Our con-
ceptions of the structure of cells, of the relative function of their
constituent parts, and the mode in which cells are developed
and multiply, has varied very materially from time to time. I
purpose to pass in review those aspects of the subject which
have attained prominence, and have influenced the course of
investigation.

It is useful occasionally to look into the history of the pro-
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gress of a science, or of one of its departments; for it brings
before us the difficulties which our predecessors have had to
contend with in arriving at a correct conception of the inner
meaning of things. It shows us how they have struggled step
by step more or less accurately to interpret the facts of nature.
It recalls the names of the men who have contributed to the
advance of knowledge, and who in our constant striving after
that which is new, are apt to be put on one side and forgotten.
It enables us to see where errors in observation or in inter-
pretation have been committed by our predecessors. If the
history of Science be wisely read, it teaches us not to be too
dogmatic in the promulgation of our opinions; for if the men
who have gone before us have committed mistakes, rely upon it
that we also cannot follow out our career without stumbling.

Dr RoBERT HOOKE was one of the first men of science to
employ the Microscope in the study of the structure of plants
and animals. A chapter in his Micrographia? is entitled “ Of
the Schematisme or Texture of Cork and of the Cells and Pores
of some other such frothy Bodies.” This is probably the first
use of the word CELL in histological description. In the course
of this chapter he refers to the lightness of Cork, which he com-
pares with froth, or an empty Honey Comb. Its substance, he
says, is wholly filled with air, which “ is perfectly enclosed in little
Boxes or Cells distinct from one another.” Further, he gives an
idea of the dimensions of these cells by stating that about sixty
could be placed endways in the Pgth part of an inch, and that
1,166,400 could be placed in a square inch. He thinks that
they are the channels through which the juices of the plant are
conveyed.

The term Cell was also employed to express a definite mor-
phological unit byDr Nehemiah Grew,? who shares with Malpighi
the glory of being one of the fathers of vegetable physiology.
When describing in his Anatomy of Plants the skin of the root
(p. 62), he says the parenchymous material is

1 London, 1665.

3 The Anatomy of Plants, London, 2nd ed., 1682. The several Books into which
Grew divided his treatise were presented to the Royal Society of London at various
dates between 1671 and 1675.
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“ frequently constructed of exceeding little Cells or Bladders, which,
in some Roots, as of Asparagus, cut traverse, and, viewed through a
Microscope, are plainly visible. These Bladders are of different sizes;
in Buglos larger, in Asparagus less, and sometimes they coincide and
disappear.” .

In his account of the parenchyma of the bark he again uses
the word Cells (p. 64), and says that
“ each is bounded within itself, so that the Parenchyma of the Barque
is much the same thing as to its Conformation, which the Froth of
Beer or Eggs is as a fluid, or a piece of fine Manchet as a fixed body.”
These cells are so small as “scarcely, without the microscope,
to be discerned ;” more usually, however, Grew applies to them
the term bladders or vesicles. In the chapter on the vege-
tation of roots he speaks of the sap swelling and dilating
the bladders, and as being fermented therein, as transmitted
from bladder to bladder, and leaving certain of its principles
adhering to them. He thus recognised that the cells or
bladders played an important part in the nutrition of the plant.
Almost, indeed, he seemed to have grasped the idea that they
exercised a selective or secreting influence ; for, in describing the
parenchyma of the fruit of the lemon, he speaks (p. 180) of
“ those little Cells which contain the essential Oyl of the fruit,”
whilst, he says, in other bladders, “lies the acid juyce of the
limon.”

Malpighi, whose work on the Anatomy of Plants! was almost
cotemporaneous with the treatise of Grew, had also seen the
structures which Grew named cells or bladders, and had desig-
nated them utriculi, and believed that they could be separated
from each other. In a subsequent treatise? he described the
lobules of fat in animals as consisting of adipose vesicles.

Leeuwenhoek, in the course of his microscopic inquiries into
the structure of plants, gave the name of globules to many of
the objects which we now term cells, though he expressly states
that they were not perfect spheres.

) Anatome Plantarum, London, 1676, 2 Opera, vol. ii. p. 41, 1686.

3 Samuel Hoole, who translated many of Leecuwenhoek's writings (London,
1799, part 2, p. 178), when describing fig. 11, on pl. vi., says that the globules
of meal are enclosed as it were in cells, and that some of those cells are repre-
sented at H. in the figure. Leeuwenhoek himself, however, in his description

of the same figure (Epistole: physiologicee, Delphis, 1719, p. 25), does not use the
word cellula.
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Clopton Havers, in his treatise on the skeleton, described® the
vesicular structure of the marrow, and compared it, when seen
under the microscope, to a heap of pearls.

Alex. Monro, primus, in his work on the bones? when writ-
ing on the medullary structure, stated that it is subdivided
“into communicating vesicular Cells, in which the Marrow is con-
tained. Hence it is that the Marrow, when hardned and viewed
with a Microscope, appears like a Cluster of small Pearls. =This Tex-
ture is much the same as what obtains in the other cellular parts of the
Body where Fat is collected, only that the Cells containing the Marrow
are smaller than those of the Tunica adiposa or cellulosa elsewhere.”

Caspar F. Wolff$ also recognised that fat was contained in
small vesicles, surrounded by a fine membrane. He conceived
also that the developing organs, both of plants and animals, con-
sisted of a viscous substance which contained cavities, cells, or
bladders which communicated with each other.

Fontana figured the fat vesicles, both free and surrounded by
the fibres of the areolar tissue.t

Mirbel, in his botanical writings published at the beginning
of the present century, stated that vegetables were composed
largely of cells. He described le tissu cellulaire as composed
of les cellules, which were contiguous with each other, so that
the walls were in common. These walls were extremely thin
and translucent, and sometimes riddled with pores. The term
cells was also used both by his contemporaries and successors in
their writings on the anatomy of plants.

But anatomists experienced much greater difficulty in distin-
guishing the presence of cells in the textures of animals. It is
true that from the time of Malpighi and Leeuwenhoek, the
globules or particles had been recognised in the blood, but it is

1 Osteologia nora, 1691, p. 167.

3 Anatomy of the Humane Bones, Edinburgh, 1st ed., 1726 ; 2nd ed., 1732.

* Theoria Qenerationis, editio nova, 1774; Commentary ** Ueber diec Nutritions-
kraft,” by Blumenbach and Born, St Petersburgh, 1789.

4 See his Essay *‘ Sur la structure primitive du corps animal” in his ** Traité
sur le vénin de la Vipers,” Florence, 1781 (Ph. viii. figs. 19, 20).

8 Traité d Anatomic et de Physiologie végétales, t. i., Paris, An x.; Exposition de
la Theorie de Vorganisation végétale, Paris, 1809. Ch. Robin, in the article
‘“Cellule,” Dict. Encyclop. des Sciences médicales, Paris, 1878, credits Mirbel with
having introduced the term ‘‘cellules,” but the extracts given in the text show

that its English equivalent, cells, had been in use for upwards of a century
before Mirbel wrote.
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only within a comparatively recent period that their cellular
structure was determined. Both Bichat! and Béclard? in their
important treatises on General Anatomy, made no reference to
cells as elements of the tissues. Both these authors had chapters
du tissu cellulaire or du systéme cellulaire, a term which had
been in use from the early part of the last century. But by the
tela cellulosa or cellular tissue, anatomists meant that form of
tissue which we now more appropriately call areolar tissue;
the so-called cells of which are not microscopic closed vesicles,
but areolee or spaces bounded by the fibres or lamins of which
the tissue is chiefly composed.3 Béclard, in his description of
the adipose tissue, stated that the lobules of fat consisted of
microscopic vesicles y}5 to gdy of an inch in diameter. The
vesicles, he says, have walls, but they are so thin as to be
indistinguishable. The presence of organised vesicles or globules
in the tissues of animals had thus been recognised, but it needed
further observations and facts in order to bring them into
association with the cells of vegetable tissue.

This was supplied by the discovery in 1831 by the great
English botanist, Robert Brown, of the “nucleus” or “ areola ” in
the cells of the epidermis, and other tissues in Orchidez and
many other families of plants.* Following closely upon this
discovery were the observations of Schleiden, published in 1838,5
that the nucleus was a universal elementary organ in vegetables.
Schleiden also came to the conclusion that the nucleus must
hold some close relation to the development of the cell itself, and
he consequently called the nucleus a “cytoblast.”® Schleiden
further discovered that the cytoblasts contained one or more
minute circumscribed “spots,” or “rings,” or “ points,” which he

1 Anatomie générale, Paris, 1812.

2 Elémens & Anatomic générale, Paris, 1828,

3 The term cellular tissue was originally applied to this texture from a fancied
resemblance to the proper cell tissue of plants; the walls of the cells of which
were believed to be formed of a framework of fine fibres.

4 ¢Organs and Mode of Fecundation in Orchidee and Asclepiadee,” T'rans. Linn.
Soc., vol. xvi., 1838 ; reprinted in Miscellancous Botanical Works, vol. i. p. 511,
Ray Society edition.

8 ¢ Beitriige zur Phytogenesis,” Miller's Archiv, 1838, p. 137.

¢ Fontana (op. cit.) figured the *‘ globules” or scales of the epidermis, in which
he recognised the nucleus, but he neither gave it a special name, nor knew its
importance (plate i. figs. 8, 9, 10).
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considered to be formed earlier than the cytoblasts, and which
were regarded by him as hollow globules, and were subsequently
named by Schwann “nucleoli.”

The cellular structure of some of the animal tissues had also
begun to be recognised. Turpin had noticed the resemblance
between the epithelium corpuscles found in vaginal discharges
and the cells of plants. Johannes Miiller had discovered that
the chorda dorsalis of fishes was composed of separate cells pro-
vided with distinct walls, though he did not detect a nucleus in
them. Purkinje, Von Baer, Rudolph Wagner, Coste, and
Wharton Jones had seen the germinal vesicle within the animal
ovum. E. H. Schultz had observed the nucleus in the blood
globules, and Valentin and Henle had seen it in the cells of the
epidermis. The way was thus prepared for a fuller recognition
of the essential correspondence between the elementary tissues
of plants and animals and for a wider generalisation. Science
had not long to wait for an observer who could take a compre-
hensive grasp of the whole subject; and in 1839 Theodore
Schwann published ! his famous researches into the structure of
animals and plants, in which he announced the important
generalisation that the tissues of the animal body are composed
of cells, or of materials derived from cells:—

“That there is one universal principie of development for the

elementary part of organisms, however different, and that this principle
is the formation of cells.”

Both Schleiden and Schwann entertained the idea, which had
long before been present in the mind of Grew, that a cell was
a microscopic bladder or vesicle. In its typical shape they
regarded it as globular or ovoid, though capable of undergoing
many changes of form. This vesicle possessed a cell-membrane
or wall, which enclosed contents that were either fluid or some-
what more consistent. Either attached to the wall or embedded
in it was the nucleus, which in its turn contained the nucleolus.
Schwann, however, recognised ? that many cells did not exhibit
any appearance of a cell-membrane, but seemed to be solid, and
had their external layer somewhat more compact. As showing,

1 ¢ Mikroskopische Untersuchungen,”1889; and Preliminary Notices in Froriep's

Notizen, 1838.
3 P. 176 of Sydenham Society’s translation of Schwann’s Memoir.
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however, the importance which Schwann attached to the cell-
wall, I should state that he regarded the chemical changes or
metabolic phenomena as he termed them, as being chiefly pro-
duced by the cell-membrane, though the nucleus might partici-
pate. He explained the distinction between the character of
the cell contents and the cytoblastema external to the cell, to
the power exercised by the cell-membrane of chemically altering
the substances, which it is either in contact with or has imbibed,
and also of separating them so that certain substances appear
on the inner and others on the outer surface of that membrane.
In this way, he accounted for the secretion of urea by the cells
lining the uriniferous tubes, and for the changes which not
unfrequently take place in the cell-membrane itself by thicken-
ing or deposition of layers on or within it.

Schwann described the nucleus as either solid or hollow and
vesicular, in the latter case being surrounded by a smooth
structureless membrane; whilst the contents of the nucleus,
other than the nucleoli, were in his view either pellucid or very
minutely granulous.

Both Schleiden and Schwann conceived that in the formation
of a nucleus a nucleolus was first produced, that around it new
molecules were deposited for a certain distance, and then a
nucleus was formed. When the nucleus had reached a cer-
tain stage of development, new molecules were deposited upon
its exterior so as to form a stratum, which when thin was
developed into a cell-membrane, but when thick only its outer
portion became consolidated into a cell-membrane. Imme-
diately the membrane became consolidated its expansion pro-
ceeded by the progressive reception of new molecules; the
cell-wall separated from the cell nucleus, and a vesicle was
formed ; the intermediate space at the same time became filled
with fluid, which counstituted the cell contents.

Schleiden contented himself with little more than a simple
statement of what he conceived to be the process of cell forma-
tion in plants; but Schwann entered into an elaborate survey of
cell-life both in animals and plants, and founded on it a theory
of cells applicable to all organisms.

Schwann conceived that there existed in organised bodies a
solid amorphous or fluid substance to which he gave the name



THE CELL THEORY, PAST AND PRESENT, 13

cytoblastema; this substance might be contained either within
cells already existing, or else be situated in the interspaces
between cells; and he believed that the cytoblastema for the
lymph and blood corpuscles is the fluid lymph-plasma and liquor
sanguinis in which these corpuscles float. He held that in the
cytoblastema new cells are formed in the manner just described.
In animals he says it is rare for cells to arise within pre-
existing cells; more usually they arise in a cytoblastema
external to the cells already present. Schleiden, on the other
hand, maintained that in plants new cells were never formed in
the intercellular substance, but only within pre-existing cells.
The idea obviously present in the mind of Schwann was that
the process of cell formation in a cytoblastema had some affinity
with that of crystallisation. He figuratively compares the
cytoblastema to a mother-liquid in which crystals are formed.
He speaks of molecules being deposited around a nucleolus to
form a nucleus; of a nucleus growing by a continuous deposition
of new molecules between those already existing; and of the cell
being formed around the nucleus by a progressive deposition of
new molecules; and in more than one passage he indicated that
this deposition is a precipitation. He obviously considered the
principle of formation of the cell around the nucleus as the same
as that of the nucleus around the nucleolus, a process which
Valentin subsequently described as heterogeneous circum-posi-
tion.

But Schwann at the same time showed that, with reference
to the plastic phenomena, cells differed from crystals in form,
structure, and mode of growth; for whilst a crystal increases
only by the external apposition of new particles, a cell grows
both by that method and by the intussusception of new matter
between the particles already deposited. The difference, he
says, is yet more marked in the metabolic phenomena, which he
conceived to be quite peculiar to cells. Cells and crystals,
however, he considered resembled each other in this point, that
solid bodies of a definite and regular shape are formed in a fluid
at the expense of a substance held in solution by that fluid, for
both attract the substance dissolved in the fluid. Schwann
concluded his memoir by advancing, as a possible hypothesis,
the view that organisms are nothing but the form under which
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substances capable of imbibition crystallise; and although this
hypothesis involved very much that is uncertain and paradoxical,
yet he considered it to be compatible with the most important
phenomena of organic life. Schwann inclined, therefore, to a
physico-chemical explanation of cell-formation and cell-growth.

Shortly after the publication of Schwann’s famous memoir,
Henle, who had for some years been engaged in microscopic
investigations on the tissues, published his well-known treatise
on General Anatomy.! He attached great importance in cell
formation to extremely minute particles, zgoy t0 ygdoy Of
an inch in diameter, which he called elementary granules. He
conceived that these appeared in a blastema, that several aggre-
gated together to form a nucleus, in connection with which he
thought it not improbable that a cell subsequently formed. He
looked upon the elementary granules as the first and most
general morphological elements of the animal-tissues, and he
regarded them as vesicles consisting of excessively minute
particles of oil coated with a film of albumen. It should be
stated that Henle’s observations on cell formation were con-
ducted to a large extent on the products of inflammation, and
on the lymph and chyle, in all of which fatty and granular
particles abound.

As regards the part which the nucleus plays in the process of
cell formation, both Schleiden and Schwann regarded it as of
prime importance, though in the subsequent life of the cell they
considered that its function terminated. Schleiden stated that,
subject to certain exceptions which he enumerated, it is rare
for the cytoblast to accompany the cell through its entire vital
process—that it is often absorbed either in its original place,
or cast off as a useless member, and dissolved in the cavity of
the cell. Schwann, whilst contending for the exceedingly
frequent, if not absolutely universal, presence of the nucleus, yet
held that in the course of time it usually became absorbed and
disappeared, so that it had no permanent influence either on
the life of the cell or the reproduction of young cells, though he
recognised that it remained in the blood corpuscles of some
animals. Henle, again, maintained that, as there are nuclei

1 Aligemeine Anatomie, Leipsic, 1841; also French translation by Jourdan in
Encyclopédie Anatomique, vols, vi., vii., Paris, 1848.
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without nueleoli, so also cells exist without nuclei, and that new
cells may arise without the least trace of cytoblasts,

At about the same time, and also immediately after the publica-
tion of the important investigations by these eminent German
observers, a young graduate of medicine of the University of Edin-
burgh, Dr Martin Barry, stimulated, he says, by the researches
and encouraged by the friendship of Johannes Miiller, Ehrenberg,
Rudolph Wagner, and Schwann, undertook elaborate researches
into the structure of the ovum, more especially in mammals.
His results were published in a series of memoirs printed in the
Transactions of the Royal Society of London from 1838 to
18411 In these embryological memoirs, Barry announced
several important discoveries. In his first memoir (1838) he
pointed out that the germinal vesicle which had been discovered
in the mammalian ovum by M. Coste and Mr Wharton Jones,
was the first part of the ovum to be formed both in mammals
and birds, and he thought that this was probably the case
throughout the animal kingdom. In his second memoir (1839)
he extended to the mammalian ovum an observation which had
been made by Prevost and Dumas on the ovum of the frog,
and by Rusconi on the ovum in osseous fish. He described
the formation within the rabbit's ovum of the body which
he named, and which has been known since his time as
the mulberry-like structure. This body arose at first as two
vesicles, then as four, and so on in multiple progression, so that
Barry was the first to recognise in the ovum of mammals the
process which we now know as the segmentation of the yelk.
He showed that the vesicles of the mulberry body were cells,
and that each contained a pellucid nucleus, and that each
nucleus presented a nucleolus. Further, these vesicles arranged
themselves as a layer within the zona pellucida.

Barry’s third memoir was published in 1840, and as he gave
it the subsidiary title of “ A Contribution to the Physiology of
Cells,” it is clear that he regarded his embryological inquiries

1 Phil. Trans., vols. cxxviii.~cxxxi. The value which was attached to these
Memoirs at the time may be estimated by the fact that the Royal Society of
London awarded to their author in 1839 one of the Royal Medals. The neglect
into which Dr Barry's writings have fallen is largely due to the disbelief in his

subsequent descriptions of the spiral structure of muscular fibre, of blood-cor-
puscles, and indeed of the elements of the tissues generally.
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as having an important bearing on the facts of cell-formation
and function. He repeated his observations on the forma-
tion of the mulberry-like body, and now recognised that its
component cells had been derived from the germinal vesicle, the
contents of which entered at first into the formation of two cells,
each of which presented a nucleus which resolved itself into
other cells, and by a repetition of this process, the cells within
the ovum became greatly augmented in number. Further, he
stated that the whole embryo at a subsequent period is com-
posed of cells, filled with the foundations of other celle.
Although we may not agree with all the details given by
Barry in his account of these observations, yet there can be no
doubt that he had early recognised the important fact, that in
animals new cells arose within pre-existing cells, as Schleiden
had affirmed to be the case in plants, and that the nucleus
acted as an important centre for the production of young cells.
In recognising the endogenous reproduction of young cells in
animals, Barry made an important advance on the view enter-
tained by Schwann, who regarded the endogenous production
of cells as quite exceptional amongst animals.

In this same memoir Barry incidentally mentioned that he
saw in the ovum of the rabbit a cleft or orifice in the zona
pellucida, and that on one occasion he observed what he believed
to be the head of a spermatozoon within the orifice. Two years
afterwards he read to the Royal Society?! a short paper, in which
he announced that he had seen a number of spermatozoa within
the ova of the rabbit, and in October 1843 he published a
figure of an ovum with spermatozoa in its interior.?

In a memoir on the Corpuscles of the Blood, published in
1841, Barry announced a still more definite conception of the
function of the nucleus. He directly traversed the statement of
Schleiden, that the nucleus, after having given origin to the
cell-membrane, has performed its chief office, and is usually
cast off and absorbed; as well as that of Schwann, who
had never, except in some instances in fat cells, observed
anything to be produced by the nucleus of the cell. Barry
stated that the nucleus is a centre for the origin,

1 Phil. Trans., vol. cxxxiii.; read Dec. 8, 1842.
3 ¢ On Fissiparous Generation,” Edin. New Phil. Jour., Oct. 1848.
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“not only of the transitory contents of its own cell, but also of the
two or three principal and last formed cells destined to succeed that
cell; and in fact, that by far the greater portion of the nucleus, in-
stead of existing anterior to the formation of the cell, arises within
the cavity.” Further, he says, “young cells originate through divi-
sion of the nucleus of the parent cell, instead of arising as a sort of
product of crystallisation in the fluid cytoblastema of the parent
cell.”

He regarded the division of the nucleus in pus corpuscles as not
artificially produced by the agency of acetic acid, as was held by
Henle and Schwann, but as a part of the process by which cells
were produced, and apparently universal in its operation.

In a paper published in 1847, Dr Barry summarised his
observations on the nucleus of animal and vegetable cells, and
whilst expressing certain opinions on the mode of formation
of the nucleolus and nucleus and the growth of cells which
cannot now be accepted, he continued to maintain that cells
are descended from an original mother cell by cleavage of the
nucleus, and all subsequent nuclei are propagated in the same
way by fissiparous generation. Every nucleus, therefore, was a
sort of centre, inheriting more or less the properties of the
original nucleus of the fecundated ovum, which he conceived
to be the germinal spot, and exercising an assimilative power.
Dr Barry’s contributions to a correct conception of the develop-
ment of cells, are of the highest importance when viewed in the
light of modern observations.

But another Edinburgh inquirer, Mr John Goodsir, after-
wards as Professor Goodsir, the distinguished occupant of the
chair of Anatomy in the University of Edinburgh, was engaged
between the years 1842 and 1845 in studying the processes of
cell-life, both in healthy tissues and in certain pathological con-
ditions! In his important memoir on Secreting Structures,
published in 1842, he demonstrated from a variety of examples
that secretion is a function of the nucleated cell, and he gave,
as one of his many illustrations, the cells of the testis contain-

1¢0n Secreting Structures,” Trans. Roy. Soc. Edin., 1842 ; ““On Peyer’s
Glands,” London and Edinburgh Monthly Journal, April 1842; *‘On Struc-
ture of Human Kidney,” #id., May 1842 ; Anatomical and Pathological 0b-
servations, Edinburgh, 1845 ; also, his collected papers in Analomical Memoirs,
Edinburgh, 1868, edited by W. Turner.
B
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ing spermatozoa which were derived from the nuclei of these
cells. In the original memoir he was inclined to believe that
the cell wall was the structure engaged in forming the secre-
tion; but in a reprint of it in 1845, he modified that view,
and gave as his opinion that the secretion would appear
to be a product of the nucleus. Goodsir also stated in the
memoir of 1842 “that the nucleus is the reproductive organ
of the cell, that it is from it, as from a germinal spot, that new
cells are formed,” and he cited cases in which it became developed
into young cells. He subsequently, in a short paper on Centres
of Nutrition, extended this view to the tissues generally. He
defined the nutritive centres as minute cellular parts, existing,
for a certain period at least, in all the tissues and organs.
They drew from the capillary vessels or other sources nutritive
material, which they distributed to the tissues and organs to
which they belonged. He regarded a nutritive centre as a
cell, the nucleus of which is the permanent source of succes-
sive broods of young cells, which from time to time fill the
cavity of their parent. He called this central or capital cell
the mother of all those within its own territory or department.
Goodsir also showed that cells were important agents in Absorp-
tion, Ulceration, and Inflammation. In inflammation of cartil-
age, for example, he described and figured the cells in the area
affected as increased in size, modified in shape, and crowded with
a mass of nucleated cells in their interior, through the agency
of which the walls of the corpuscles and the hyaline matrix
became absorbed. He also gave illustrations of the multipli-
cation of nuclei within cells in the course of formation of cysts.
Corroborative observations on endogenous formation within
animal cells were also given by Mr H. D. S. Goodsir, as con-
firmatory of the doctrine propounded by his brother on the cell
as a centre of nutrition, secretion, and production of young cells.
In a research into the structure of the testis in Decapodous
Crustacea, Henry Goodsir observed that the head of the sper-
matozoon corresponded with the nucleus.

The conception entertained both by Martin Barry and John
Goodsir of the process of cell-formation and of the function of
the nucleus was in the main very different from that pro-
pounded by Schleiden and Schwann. Whilst agreeing with
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Schleiden in holding that new cells were formed within parent
cells, they did not look upon the process as one of deposition,
in the first instance around a nucleolus and then around a
nucleus, but they regarded the nucleus as the prime factor by
the division of which new cells were formed. With regard to
the free formation of cells, as it was not unfrequently called, by
deposition in a cytoblastema situated external to existing cells,
to which Schwann and Henle attached so much importance in
animals, they gave no concurrence. Both Barry and John
Goodsir had grasped and advocated the fundamental principle,
both of the endogenous development of cells from a parent
centre and of an organic continuity between a mother cell and
its descendants through the nucleus; and the brothers Goodsir
had applied this principle in their anatomical, pathological, and
zoologrical researches.

As regards the phymologlcal action of cells, Mr (now Sir
William) Bowman had expressed the opinion® that there was a
strong presumption that the epithelium of glands assimilated
the secretion from the blood. That the secretion might be
separated, either by the passage of its elements through the
cells; or by the cells undergoing solution or deliquescence ; or
by the cells being cast off entire with their contents. Mr
(now Sir John) Simon also expressed, in 1845, some important
general conclusions on the physiological action of cells? He
looked upon the cell wall as of secondary importance and of
inessential formation, and he regarded the nucleus with the
material developed around it as constituting the sole physical
evidence of activity in the part. He saw bile and other secre-
tions within cells, and stated that when the products of
secretion can be seen within a cell, they are accumulated in
the portion which corresponds to the nucleus as though it were
the true centre of attraction. Simon also observed the de-
velopment of spermatozoa within cells, and had seen one end
adhering to the relique of a cell, probably its nucleus.

Histologists elsewhere had made isolated observations on
the development in the animal body of young cells within

1 Article ‘“Mucous Membrane,” in Todd’s Cyclopssdia, date probably 1842 or
1843,

3 Essay on the Thymus Gland, London, 1845.
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parent cells. Even before the publication of Schwann's im-
mortal treatise, Turpin had stated that the corpuscles which
he found in vaginal discharges contained a new generation in
their interior, and Dumortier had described secondary cells as
formed in the ova of snails. These observations exercised,
however, no influence on the progress of thought; and
Schwann, though referring to them in the preface to his
treatise, yet appeared to question their accuracy.

In 1841, Robert Remak published! an account of what he
saw in the blood corpuscles of the chick, some of which were
biscuit-shaped. At each end was a nucleus, and the two nuclei
were connected together by a thin stalk which traversed the
intermediate part of the corpuscle. He thought it probable
from these observations that a multiplication of blood cor-
puscles through division occurred. He obtained also similar
evidence in the blood of the embryo pig, and saw both in the
blood of the horse and of man red blood-cells formed in the
interior of large mother cells. It is customary in Germany to
credit Remak with being the first to recognise the division of
the nucleus within the cell as a stage antecedent to, and
associated with, the division of the cell itself; but from what has
already been stated, it will be seen that Martin Barry had pre-
ceded him by some months® in the recognition of the import-
ance of division of the nucleus in the production of young oells.

In 1843, Albert von Kolliker published® an interesting memoir
on the changes which take place in the fertilised ova of various

1 Medicinische Zeitung, p. 127, July 7, 1841,

2 Barry's later memoirs were read to the Royal Society of London, May 7, 1840 ;
January 7, 1841; June 17 and 23, 1841, They are illustrated with numerous
beautiful figures, in which the division of the nucleus and the endogenous pro-
duction of young cells are shown. Further, it should be kept in mind that
Romak’s observation was on a single tissue, the embryonic blood corpuscle ;
whilst Barry’s was a gencralisation based on a large series of researches on the
ovum, blood and mucous corpuscles, epithelium and other cells, John Goodsir,
in a footnote to his important paper ‘‘ On Centres of Nutrition,” already referred
to in text, p. 18, says—‘‘For the first consistent account of the development
of cells from a parent centre, and more especially of the appearance of new
centres within the original sphere, we are indebted to the researches of Dr
Martin Barry.” Remsak subsequently extended his observations, an the multipli-
cation of cells through division of the nuclei, to the ovum, and the cells of
the tissues generally, See Miiller's Archiv, 1852, p. 47, and Unisrsuchungen itber
die Bnéwicklung der Wirbelthidre, 1856.

3 Miiller's Archiv, 1848.
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parasitic worms, He described and figured the production in
regular progression of young cells within the ovum, and
obeerved that in some cells the nucleus was elongated; in
othexs constricted in the middle, as if about to divide ; in others
two nuclei were present, each smaller than the single nucleus
of adjoining cells, as if they had arisen from the division of a
larger nucleus. A legitimate inference from these observations
was that in the formation of young cells, the nucleus of the
perent cell divided into two, and that each of these gave origin
to & new cell.

The endogenous multiplication of animal cells by division of
the nucleus now began to be more widely recognised. It was
described by Kolliker and by Mr (now Sir James) Paget in the
blood corpuscles of the embryo, by Kolliker in cartilage and in
the giant cells of the marrow of bones, and by various observers
in the fertilised ovum. It acquired, therefore, much more im-
portance as a mode of origin of animal cells than was accorded
to it by Schwann.

At the time when I began the study of anatomy and physi-
ology in 1850, the current teaching of the schools embraced
two methods of cell formation,—the one through the inter-
mediation of existing cells, which might be either by endo-
genous production within a mother cell through division of the
nucleus, or by fissiparous division, or by budding off of a part of
a cell ; the other by a process of free cell-formation outside exist-
ing cells and within a blastema. When I came to Edinburgh
in 1854 to act as Demonstrator of Anatomy, I found that the
biologists were divided into two hostile forces,—the one was pre-
sided over by Professor John Goodsir, whose views on the intra-
cellular origin of new cells I have already explained, and which
he systematically expounded in his lectures; the other was led
by the then Professor of the Institutes of Medicine, Dr Hughes
Bennett. Dr Bennett, whose investigations into cell-formation
and cell-life had been largely based, like those of Henle, on
the study of pathological processes, was led to attach great
importance to the granules or molecules which abound in
the so-called inflammatory exudations and in purulent fluids.
Bennett held that molecules arose in an organic fluid, and that
an aggregation of molecules produced nuclei, upon which cell
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walls may be formed; that the molecule was the primary, ele-
mentary and most simple form of organised matter, and that
an aggregation of molecules might even form fibres and mem-
branes without the agency of cells. His views were almost a
reproduction of those of Henle, and he advocated them with
great vigour and persistency, especially in regard to the pro-
duction of pus and other products of inflammation.

Pathologists had indeed very generally supported the theory
of the free formation of cells in exudations; but this view,
however, was not universally entertained by them. Professor
Goodsir! and Dr Redfern® had shown its inapplicability in
inflammation and ulceration of articular cartilages. Professor
Virchow, in a series of papers in his Archiv, commencing with
vol. i. in 1847, had described the endogenous formation of young
cells in pathological structures. In his lectures on Cellular
Pathology, published in 1858, Virchow, like Goodsir, announced
his belief in the mapping out of the body into cell territories.
Virchow’s conception of the territory was the intercellular sub-
stance immediately surrounding a cell, and subject to its in-
fluence® He maintained that in pathological structures there
was no instance of development de novo, but that where a cell
existed, there one must have been before. He called it the law
of continuous development, which could be formulated in the
expression omnis cellula e cellula. He adduced a great variety
of specific instances to show the diffusion throughout the tissues
and organs of nucleated cells, and he established, by a variety
of proofs, the important part played by the cell elements, more
especially those of the connective tissue, in the inflammatory
* process and in the production of new formations. He advanced,
indeed, such a mass of evidence in support of this position, that
the theory of free cell formation was shortly after abandoned in
connection with pathological processes, as it had been some time
previously by most observers in normal histiogenesis.

1 Op. cit., 1846.

% “ Abnormal Nutrition in Articular Cartilages,” Edinburgh Monthly Medical
Journal, August 1849 ; and separate Memoir, Edinburgh, 1850.

3 He first used the term Zellen Territorien in his Archiv, Bd. iv., 1852, p. 3883,

4 In a Lecture which I delivered before the Royal College of Surgeons, Edin-
burgh, in 1868 (Edinburgh Medical Journal, April 1863), I summarised the evi-

dence of the derivation of pathological cell formations from pre-existing cells, and
adduced additional examples from my own observations.
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The continued investigations into the structure of cells, both
in plants and animals, led to modifications in the conception of
their morphology. Hugo von Mohl announced that he had
discovered ! in the vegetable cell, after being acted on by alcohol
and iodine, a thin nitrogenous membrane distinct from and
applied to the inner surface of the cellulose wall of the cell,
which he named the primordial utricle. He regarded it as
forming a vesicle within the cell wall, and containing the con-
tents and the nucleus. By subsequent observers it has been
shown that the primordial utricle is nothing more than a thin
layer of protoplasm lying close to the cellulose wall, and enclosing
the sap cavity of the cell.

Professor Huxley, in an article on the Cell Theory,? criticised
the views of Schleiden and Schwann, and introduced the terms
endoplast and periplast into histological description. He re-
garded the primordial utricle as the essential part of the endoplast
in the plant, and as homologous with the “nucleus” of the
animal cell; whilst the protoplasm and nucleus were simply its
subordinate modifications. The periplast, on the other hand,
consisted in plants of the cellulose cell wall ; whilst in animals the
cell wall and matrix of cartilage, the cell walls and intercellular
substance of connective tissue, the calcified matrix of bone, and
the sarcous elements of muscular fibre were all examples of
periplast which had passed through various forms of chemical
and morphological differentiation. Huxléy maintained that

- the periplast was the metamorphic element of the tissues, and

by its differentiation every variety of tissue was produced, owing
to intimate molecular changes in its own substance. The endo-
plast again might grow and divide, as in the process of cell
multiplication ; but it frequently disappeared and underwent
neither chemical nor morphological metamorphosis ; and so far
from being a centre of vital activity, he held that it exercised
no attractive, metamorphic, or metabolic force upon the peri-
Pplast.

But about this time it began to be more distinctly recog-
nised that many anatomical units which were to be regarded

1 Botanische Zeitung, translated by A. Henfrey in Taylor's Scientific Memoirs,

vol. iv., 1846.
2 British and Foreign Medico-Chirurgical Review, Oct. 1853.
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as cells, as Schwann had indeed admitted in a few exceptional
cases, possessed no cell wall or investing membrane, and that
the analogy with a bladder or vesicle could no longer be sus-
tained. Thus in 1856,! Leydig gave as his idea of a cell a more
or less soft substance, approaching in its original state to the
globular in form, which enclosed a central body, the nucleus.
Subsequently, the cell substance might harden into a more or
less independent membrane, and the cell would then consist of
membrane, contents, and nucleus. Leydig's conception there-
fore of what were the essential parts of a cell closely cor-
responded with the opinion expressed some years previously
by John Simon. Briicke again maintained ? that the constancy
of the presence of a nucleus was subject to certain limitations,
especially in the cells of cryptogams, and that there was no
positive information either respecting the origin or the function
of the nucleus. He further showed that the soft contents of
the cell were of a highly complicated nature, and that they
frequently exhibited spontaneous movements and contractility.
In 1861 and also in 1863, Max Schultze published® most im-
portant papers on the properties of cells. He adopted the term
protoplasm which Von Mohl had employed to designate the
contents in vegetable cells which surround the uucleus, and
applied it to the substance which had the corresponding posi-
tion in animal cells. He completely discarded the view that
a membrane was essential to a cell, and defined a cell as a
nucleated mass of protoplasm. He identified the protoplasm of
the animal and vegetable cell as essentially the same substance
as the contractile sarcode which forms the freely moving
pseudopodia of the Rhizopoda, and he looked upon it as
possessing great physiological activity. The conception of the
functions and relative importance of the constituent parts of a
cell had now undergone a material change. The suggestive
ideas of Simon and Leydig had been distinctly formulated
by Max Schultze. Instead of the cell membrane being re-
garded as a necessary part of a cell, and the active element
concerned in the formation of the cell contents, as Schwann

1 Lehrbuch der Histologie, 1857. Preface dated October 1856.
3 ¢ Elementarorganismen,” Wien Sitzbericht, 1861,
3 Maller's Archiv, 1861, p. 1; Das Protoplasma, Leipzig, 1863.
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believed, it now became universally recognised as only a second-
ary structure formed by a differentiation of the superficial part
of the protoplasm. Schultze also maintained that the appear-
ance of the membrane might be looked upon as a sign of com-
mencing loss of activity, for a cell with a membrane can no
longer divide as a whole, but the division is restricted to the
protoplasm contained within it. A cell with a membrane is,
he says, like an encysted Infusorian. Taking the embryonal
cell as a type, he believed that both the nucleus and the proto-
plasm were derived from the corresponding constituents of
another cell. The protoplasm was the substance especially
endowed with living force; the nucleus, he - thought, played an
important rdle, though its exact function could not be defined.
The only structural character which Schultze recognised in the
protoplasm, was a finely granular appearance throughout the
somewhat jelly-like, contractile material in which the granules
were embedded. Although the name of protoplasm was now
given to this substance, yet it obviously corresponded morpho-
logically with the blastema which both Schleiden and Schwann
had recognised within the cell, between the nucleus and the cell
wall; though it now assumed in the minds of observers a dif-
ferent physiological import.

The reign of protoplasm had now been inaugurated. Not
only was the cell membrane believed to be a product of its
differentiation, but the matrix of cartilage and of connective
tissues, and the other intercellular substances, were thought to
be produced not as a secretion, but by a conversion of the proto-
Plasm of the cells into their respective forms. But, further,
Max Schultze! described a non-nucleated Ameeba; and Haeckel?®
and Cienkowski 8 other non-nucleated organisms, simple in their
structure. These organisms were believed to consist solely of a
clump of soft protoplasm, which might either be naked, when
they were called simple cytodes; or encased in a wall or envelope,
and then termed encased cytodes. Haeckel named these—the
most simple of all organisms—Monera, and referred them to
a group on the confines of both the animal and the vegetable

1 Organis. de Polythal., 1854.
3 Zeitsch. 1. wiss. Zool., 1865, Bd. xv.
3 Max Schultze, Archiv, 1865.
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kingdoms, which he termed Protiste. Stricker! also excluded
the nucleus as necessary to our conception of an elementary
organism. He went so far as to say that the historic name
of cell might be applied to the morphological elements of the
higher animals, or to independent living organisms, even if
they were only little masses of animal sarcode or protoplasm.
He was not, however, disposed to extend the definition to iso-
lated fragments of living protoplasm, unless the whole group of
phenomena characteristic of an independent organism could be
recognised. Stricker held that protoplasm may be fluid, solid,
or gelatinous. It exhibited the phenomena of movement, of
nutrition, of growth, and the capability of reproducing its like,
1.e., the sum of the phenomena which are characteristic of living
organisms.

The doctrine that a nucleated mass of protoplasm was the
structural unit common to organisms generally, both plants and
animals—though at the very bottom of the scale the phenomena
of life could be manifested by a particle of protoplasm without
a nucleus—received its most popular expression in this country
at least, in a well-known Address by Professor Huxley.? In this
address he stated that protoplasm, simple or nucleated, is the
formal basis of all life,and that all living forms are fundamentally
of one character. His views, therefore, had undergone some
modification, as to the element of the tissue in which vital
activity was more especially centred, since the publication of his
previous article on the Cell Theory.

But contemporaneous with these researches on the proto-
plasmic theory of cell structure and activity, an English
physiologist, Dr Lionel Beale, was conducting investigations
into the structure of the simple tissues from an independent
and somewhat different point of view. He considered that the
elementary tissues of every living being consisted of matter in
two states>—the one an active, living, growing substance,
composed of spherical particles, capable of multiplying itself,

1 ¢ Allgemeines iiber die Zelle,” in Handbuch der Lehre von den Geweben,
Leipzig, 1871.

2 “On the Physical Basis of Life,”” a Lay Sermon delivered Nov. 8, 1868;
Fortnightly Review, and Lay Sermons and Addresses, London, 1870.

3 Structure of the Simple Tissues, London, 1861.
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and coloured red by carmine, which he named germinal
matter; the other, named by him formed material, was
situated peripherally to the germinal matter from which it
was produced ; it was passive, non-living or dead, incapable of
multiplying itself, and not coloured red by carmine like the
germinal matter. In adapting these terms to the ordinary
nomenclature of the cell, Dr Beale states—

In some cases the germinal matter corresponds to the “nucleus”; in
others to the “nucleus and cell contents”; in others to the matter
lying between the ‘“cell wall,” and certain of the ‘““cell contents”:
while the formed material in some cases corresponds exactly to the
“cell wall” only; in others to the ‘“cell wall and part of the cell
contents ”; in others, to the ¢ intercellular substance”; and in other

instances to the fluid or viscid material which separates the several
“cells, nuclei, or corpuscles” from each other.

According to this theory of the tissues, all the elementary
parts ‘of the body consist of two substances—an active, living,
germinal matter, and an inactive, non-living, formed material.
Every living elementary part is derived from a pre-existing
living elementary particle. The nuclei of the germinal matter,
though remaining for a long time perhaps in a comparatively
quiescent state, may become active and give rise to new nuclei.
Dr Beale held that the cell wall was by no means constantly
present in cells, and that when present, both it and the inter-
cellular substance were formed or produced by, or a conversion
of the germinal matter. In a subsequent work, Beale! sub-
stituted the term bioplasm for germinal matter, and included
in it the nucleus, nucleolus, and some forms of protoplasm. It
is, he says, from the bioplasm that the formed material is
produced.

An important advance was made in the conception of the
structure of the constituent parts of the cell when it was ascer-
tained that protoplasm was not the structureless, granulated
Jelly, or slime, which it was originally supposed to be, but that
it consisted of two parts, viz.,, a minute network of very delicate
fibrils and an apparently homogeneous substance which occupied
the interstices of the network. Stilling and Max Schultze
recognised the fibrillated character of the protoplasm of nerve

1 Bioplasm, London, 1872.
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cells and axial cylinders, but Frommann, Heitzmann, Klein, and
other histologists applied the observations to the structure of
protoplasm generally.

The subject made a yet greater step forwards when it was
ascertained by Strasburger and Flemming that the nucleus in
its passive or resting stage consists, in addition to the nucleolus,
of threads or fibres, some finer, others coarser, formed of nuclein,
and arranged in a reticular network, so as to form little knots at
the points of intersection of the fibres. In the interstices of
the network an apparently structureless intermediate substance,
nuclear fluid or nucleoplasm, is situated ; and the nucleus is
surrounded by a membrane! By some observers the threads
are regarded not as forming a network, but as a greatly coiled
single thread. From the affinity which they have for colouring
matter so that they easily stain with dye, Flemming has named
them chromatin fibres? But the whole question of the relation
of the nucleus to the life of the cell, more especially in con-
nection with the production of young cells, assumed a much
more definite form when it was discovered that the chromatin
nuclear fibres took a primary part in the division of the nucleus
in the process of cell multiplication. The nucleus was now re-
instated in its place as of primary importance in the structure
of cells, and as an essential factor in the formation of new cells.
The movements of the fibres within the nucleus, and their re-
arrangement so as to form definite figures, which changes precede
the act of division, were named by Schleicher karyokinesis, or
nuclear movement, a term which has now been generally
adopted.’

Waldeyer states that Schneider of Breslau was the first to
recognise these movements of the nuclear fibres, and to describe
them in connection with the division of the ova, the sperm cells,
and also the tissue cells of a flat worm, Mesostomum ; but

! This membrane is perhaps nothing more than a somewhat differentiated layer
of the protoplasm of the cell arranged around the nucleus.

2 The chromatin fibres appear to be composed of granules or spherules, named
““ microsome-discs " by Strasburger.

3 Flemming proposed the term Karyomitosis, or nuclear threads, to express the
thread-like figures formed in the process. M. Carnoy gives the name enchylema to
theapparently structureless material which occupies the interstices of the network
both of the nucleus and cell protoplasm.
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Biitschli and Fol made the process more generally known. The
publication of their researches excited the greatest interest, and
a host of observers, amongst whom I may especially name Stras-
burger, Flemming, Hertwig, Balbiani, E. van Beneden, Johow,
Heuser, Pfitzner, J. M. Macfarlane, Carnoy, and Rabl, demon-
strated the process in a number of plants and animals, and the
literature of the subject is now very extensive. In order to
express the appearances presented, and the changes which take
place both in the nucleus and in the cell in the process of
division, a new nomenclature has been introduced, and we now
read of cytaster, monaster, dyaster, equatorial plate and crown,
pithode or cask-shaped, spindles, ellipsoids, coils, skeins both
compact and loose, pole radiations, spirem, and other terms.
From the range of the literature it would be a work of con-
siderable labour and time to make an analysis of the different
observations so as to associate with the name of each observer
the particular set of facts or opinions which he has made known.
Fortunately, this is unnecessary on my part, as admirable resumés
of the whole subject have recently been published both by Pro-
fessor M‘Kendrick of Glasgow’ and Professor Waldeyer of Berlin.2

Without entering into a detailed description, it may suffice
my present purpose to say that four stages may be recognised
in connection with nuclear division.

The first, or spirem stage, exhibits several phases. At its
commencement the finer threads, which connect the primary or
coarser chromatin fibres of the resting nucleus together, and
which give the network-like character, have disappeared along
with the knots at their points of intersection and the nucleoli
The primary chromatin fibres, or chromosome as Waldeyer calls
them, form a complex coil, the spirem or ball of thread, which
divides into loops, about twenty in number, and forms a compact
skein. The loops are placed with their apices around a clear
space called by Rabl the “polar field,” whilst their free ends
reach the opposite surface of the nucleus or the “ antipole.” The
nucleus also increases in size cotemporaneously. The loops next
become not so tightly coiled, and form the loose skein, though
the individual fibres thicken and shorten. A most important

1 Pvoc. Phil. Soc., vol. xix., Glasgew, 1888,
2 Archiv far Mikros. Anat., Bd. xxxii,, 1888,
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change then occurs, which was discovered by Flemming, and
which consists in a longitudinal splitting of each loop or primary
chromatin fibre into two daughter threads. A spindle-shaped
figure, first seen by Kowalevsky, next appears in the nucleus;
it consists of threads that stain much more feebly than
the chromatin fibres! The spindle has two poles and an
equator, and it finally occupies a position in the deeper part of
the nucleus; its equator lies in the plane, through which
division of the nucleus is about to occur. The loops of chro-
matin fibres group themselves in a ring-like manner around
the equator of the spindle with their angles inwards, whilst
from each pole of the spindle a radiated appearance (cytaster)
extends into the protoplasm of the cell. The membrane of the
nucleus has now disappeared, so that it is directly invested by
the protoplasm of the cell; and it is possible, as Strasburger
thinks, that there may be a direct flow of the protoplasm into
the nucleus, and that the spindle may be produced by it. At
the pole of the spindle, from the point at which the cytaster
radiates, E. van Beneden has seen a small, shining, polar body,
which Strasburger says is not found in vegetable cells.

The second, or monaster stage. When the chromatin loops
have arranged themselves about the equatorial plane of the
spindle with their limbs pointing outwards, and the angle of
the loop towards the centre of the spindle, a single star-like
figure (monaster, equatorial plate or crown) is produced. The
two daughter threads into which each primary chromatin thread
had previously split longitudinally, now separate from each
other, and, according to Van Beneden and Heuser, pass to
opposite poles of the nuclear spindle, where they form loops.
These changes are known as the process of metakinesis.

In the third, or dyaster stage, the chromatin loops at each
pole of the spindle arrange themselves so that the angles of
the loops, though not "touching each other, are close together at
the pole, and the limbs of the loops are bent towards the
equator of the spindle. Two stars are thus produced (dyaster),
one at each pole, and each star is formed of one of the daughter
threads into which each chromatin fibre of the monaster divides

1 Owing to the feeble staining of the spindle figure and of the nucleoplasm,
the substances which compose them have been named Ackromatin.
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by its longitudinal splitting. Each star is sometimes called a
daughter skein; around each daughter skein &8 membrane appears
at this stage, and a daughter nucleus is then formed.

In the fourth, or dispirem stage, the chromatin threads thicken
and shorten, and the loops of each star arrange themselves
with the angles towards the polar field of the nucleus, and the
limbs to the antipole.

The division of the mother cell into two new daughter cells
is now completed by the cell protoplasm gradually constricting
in the equatorial plane until at last it is cleft in twain, and
each daughter nucleus is invested by its own mass of proto-
plasm. The chromatin threads of the daughter skein then form
a network of coarser and finer fibres, a nucleolus appears, and
the resting nucleus of the daughter cell is completed. Two
daughter cells have thus arisen, each of which possesses its own
independent vitality. Owing to the very remarkable longitu-
dinal splitting of the fibres of the chromosome, and the distri-
bution of the daughter threads from each fibre to the opposite
poles of the spindle, it follows that each daughter nucleus con-
tains about one-half of each chromatin fibre, so that whatever
be the properties of the chromosome of the mother cell, they
are distributed almost equally between the nuclei of the two
daughter cells. As regards the cleavage of the protoplasm,
there is no evidence that such a rearrangement of its con-
stituent parts takes place as to give to each daughter cell
one-half of the protoplasm from each pole of the mother cell.
It is probable that each daughter nucleus simply becomes
invested by that portion of protoplasm which lies in proximity
to it at the time when the constriction of the protoplasm
begins. The young daughter cell, seeing that it is composed
both in its nucleus and protoplasm of a portion of each of these
constituent parts of the mother cell, possesses therefore pro-
perties derived from them both.!

Owing to the disappearance of the nuclear membrane at the end

1 Dr J. M. Macfarlane has described as constantly present within the nucleolns
of vegetable cellsa minute body, which he terms nucleolo-nucleus or endonucleolus.
He considers it as well as the nucleolus to become constricted and divided before
the nucleus and the cell pass from the resting into the active phase of cell multi-

plication. See Trans. Bot. Soc. Edin., 1880, vol. xiv., and T'rans. Roy. Soc.
Edin., 1881-82, vol. xxx,
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of the spirem stage of karyokinesis, at least in cells generally
(though it is said to persist in the Protozoa during the whole
process of karyokinesis), it follows that the nucleoplasma and the
cell protoplasm cease for a time to be separated from each other,
and an interchange of material may take place between them in
opposite directions—both from the protoplasm to the nucleus, as
Strasburger contends, and from the nucleus to the protoplasm, as
has in addition been urged by M. Carnoy. In every case it should
be remembered that the nucleus, being surrounded by protoplasm,
can only obtain its nutrition through the intermediation of that
substance, and thus there is always a possibility of the protoplasm
acting on the nucleus, and in so far modifying it.

Having now sketched the progress of knowledge of the struc-
ture of cells and their mode of production, I may, in the next
instance, state the present position of the subject. We have
seen that the original conception of a cell was a minute, micro-
scopic box, chamber, bladder, or vesicle, with a definite wall, and
with more or less fluid contents. This conception was primarily
based upon the study of the structure of vegetable tissue;
and, as regards that tissue, it holds good to a large extent to
the present day. For the cellulose walls of the cells of plants,
with their various modifications in thickness, markings, and
chemical composition, constitute the most obvious structures to
be seen in the microscopic examination of vegetable tissue.
Within these chambers is situated the active, moving proto-
plasm of the cell, and embedded in it is the nucleus; it also
contains the sap, crystals, starch granules, or other secondary
products. The cell wall is to all appearance produced by a
conversion of, or secretion from, the protoplasm. But even in
plants a cell wall is not of necessity always present; for, in
the development of the daughter cells within a pollen mother
cell, there is a stage in which the daughter cell consists only of
a nucleated mass of protoplasm, prior to the formation of a cell
wall around it by the differentiation of the peripheral part of its
protoplasm. Again, the so-called non-cellular plants or Myxomy-
cetes, before they develop their spores,! consist of masses of naked
protoplasm, on the exterior of which, in the course of time, a

1 Lectures on the Physiology of Plants, by Julius von Sachs. Translated by H.
Marshall Ward, Oxford, 1887.
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membrane or cell wall is differentiated ; in the substance of these
masses of protoplasm numerous nuclei are situated.!

In animal tissues the fat cell possesses a characteristic vesicular
form, with a definite cell wall, but neither in it nor in the
vegetable cells does the cell wall exercise any influence on the
secretion either of cell contents or of matters that are to be
excreted. In animal cells a cell wall is frequently either non-
existent, or doubtful, and when present is a membrane of
extreme thinness. Animal cells, therefore, do not have as.a rule
the chamber-like form or vesicular character of vegetable cells.

The-other constituents of the cell, and the only essential con-
stituents, are the nucleus and the material immediately sur-
rounding it in which the nucleus is imbedded. It is of secondary
importance whether this material be called protoplasm, or bio-
plasm, or germinal matter. The term protoplasm, however, is
that which has received most acceptance. Inadopting this term,
it should be employed in a definite sense to express the translu-
cent, viscid, or slimy material, dimly granular under the lower
powers, minutely fibrillated under the highest powers of the mi-
croscope, which moves by contracting and expanding, and which
possesses a highly complex chemical constitution. The term
ought not to embrace either the cell wall of the vegetable or
animal cell, or the intercellular substance of the animal tissues.
For although these have in all probability been originally derived
from the protoplasm, by a chemical and morphological differen-
tiation of its substance, or a secretion from it, they have assumed
formal and special characters and have acquired distinct func-
tions. Protoplasm, as above defined, is a living substance en-
dowed with great functional activity. It possesses a power
of assimilation, and can extract from the appropriate pabulum
the material that is necessary for nutrition, secretion, and
growth. Growth takes place not by mere accretion of particles
on the surface, but by an interstitial appropriation of new matter
within its most minute organised particles. In cases, also, where
the media in which the cell lives are suitable, as in the freely mov-
ing Ameeba, or the white blood corpuscles, portions of the proto-

1 The opinion for long entertained that the simpler alge and fungi and crypto-
gams generally are destitute of nuclei has been shown by Schmidt and others to

be incorrect.
C
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plasm may separate by budding from the general mass of the
cell, and assume an independent existence; but the conditions
under which the budding off of protoplasm can take place are
exceptional in the higher organisms. Protoplasm, therefore,
according to this definition, in addition to being a moving con-
tractile substance, is the nutritive and secreting structural
element of the tissues, and is always found relatively abundant
where growth and the nutritive processes are most active.

In the fertilised ovum, after the process of segmentation has
begun, and in the earlier stages of development of the embryo,
the cells are nucleated masses of protoplasm, without cell walls,
and with no intercellular material. In the course of time, in
animals more especially, an intercellular substance arises ap-
parently by a differentiation of, or secretion from the protoplasm.
In many of the tissues this substance acquires such characters,
magnitude, and importance as to overshadow the nucleated
masses of protoplasm which it lies between and surrounds.
The intercellular substance is the principal representative of
the “ formed material ” of Dr Beale. I cannot, however, agree
with him in regarding it as passive and non-living or dead; for
morphological and functional changes take place in it long after
its original formation. Thus the hyaline matrix, or intercellular
substance, of the young costal cartilages becomes converted into
a fibrous matrix in the later period of life, and the striated sub-
stance of muscular fibre is one of the most physiologically active
tissues in the animal body. In the general economy of the
tissues, in the fitting of each to discharge the function for which
it is specially intended, the intercellular substance plays an
essential part. It gives strength to the bones, toughness and
elasticity to ligaments and cartilage, motor power to muscles.
It wastes by use and needs repair. But it is probably to the
nucleated protoplasm within its substance that we are to look
for the structural element which attracts to it the pabulum
required for its nutrition, so that the interstitial waste which
is consequent on its use may be made good.

The nucleus is also an active constituent of the cell, and in
young cells is proportionately larger than when the cell is
matured. It is doubtful if it plays a special part as a centre of
attraction in secretion, or in the nutrition of the cell generally,




THE CELL THEORY, PAST AND PRESENT. 35

an office which is most probably discharged by the protoplasm ;
but it undoubtedly acts as a centre forits own nutrition. Nume-
rous ohservations, moreover, clearly prove the truth of the gene-
ralisation originally propounded by Martin Barry, and confirmed
by Goodsir, that the nucleus is intimately associated with the
production of young cells. The karyokinetic phenomena which
have been observed during the last fifteen years have established
this on a firm basis, beginning with the original segmentation
of the yelk and nucleus within the ovum down to the latest.
period of cell formation.

But, along with the karyokinetic changes within the nucleus
and its cleavage, there is also a cleavage of the protoplasm of
the cell, so that the daughter cell consists of portions of both
the nucleus and the protoplasm of the mother cell. The question
therefore has been put whether the division of the protoplasm
is a consequence or a coincidence of the division of the nucleus.
I am inclined to think that the cleavage of the cell protoplasm
is consequent on the nuclear changes; for it must be kept in
mind that certain of the movements in and rearrangement of
the chromatin fibres of the nucleus precede any rearrangement
of particles in the cell protoplasm so far as yet observed, and,
still more, the process of cleavage. Applying, therefore, to the
cell the well-known economic principle of division of labour, and
that differentiation of structure carries with it differentiation of
function, I regard the protoplasm as the nutritive and secreting
element of the cell, and the nucleus as its primary reproductive
factor.

The present position of the CELL THEORY differs therefore in
many important respects from the doctrine advocated by Schwann
and his immediate successors. Cells ‘are no longer regarded as
of necessity bladders or vesicles. A cell wall is not constant but
of secondary formation. A free formation of cells within an
extracellular blastema by deposition around a nucleolus to form
a nucleus, and then around the nucleus to form a cell, does not
take place. Young cells arise from a parent cell by division of the
nucleus, followed by cleavage of the cell protoplasm, so that each
cell is directly descended from a pre-existing cell. Although
in 8o many of its details, therefore, the theory of Schwann has
been departed from, yet the great generalisation of the cellular
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structure of plants and animals holds good, and his work will
continue to mark an epoch in the progress of biological science.

The study of the very remarkable series of karyokinetic
phenomena above described has given an impulse to speculation
and thought in connection with some of the most abstruse prob-
lems of Life and Organisation. The question of the hereditary
transmission of properties, both as regards the constituent
tissues of the organism and the individual as a whole, has been
put on a more definite physical basis. The penetration of the
ovum by the spermatozoon, originally seen by Martin Barry in
the rabbit, and extended to other animals some years afterwards
by Newport, Bischoff, and Meissner, has been completed by the
recent researches of Biltschli, Auerbach, Fol, Hertwig, and E.
van Beneden. The conjugation or incorporation of the male
pronucleus or head of the spermatozoon with the female pro»
nucleus derived from the germinal vesicle, and the consequent
formation of the segmentation nucleus, has been demonstrated.
The segmentation nucleus is built up of chromatin fibres and
nucleoplasm, derived from both the nucleus of the male sperm cell
or the spermatozoon and the nucleus of the female germ cell. It
is therefore a composite or hermaphrodite nucleus, and represents
both parents. The cells derived from the segmentation nucleus
in the early stage of segmentation contain chromatin nuclear
particles, which are in direct descent from the chromatin fibres
of the segmentation nucleus, and through it from the correspond-
ing fibres of both the sperm and germ cells. From Nussbaum’s
and E. van Beneden’s observations it would seem that each
nucleus of the first pair of segmentation cells contains one-half
of the chromatin threads of the male, and one-half of those of
the female pronucleus. It is possible that an equal division of
the male and female components of the nuclei takes place in
every subsequent nuclear division, in which case the nucleus of
every cell would be hermaphrodite or composite, that is,
would represent both parents. The segmentation cells arrange
themselves to form the blastoderm, which, in the more
complex organisms, by the continuous subdivision of the
cells, forms three layers; from which, by a prolonged process
of cell division and differentiation, all the tissues and organs of
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the adult body are ultimately derived. Karyokinetic changes
mark the process of cell division throughout, and each daughter
cell receives from the mother cell chromatin nuclear material
derived from both parents, which, without doubt, conveys pro-
perties as well as structure.

In the division of the segmentation nucleus within the ovum
a cleavage of the protoplasm of the egg also takes place, and
each daughter nucleus is enveloped by the protoplasm of the
maternal egg. If during the period of nuclear division there is
no interchange of matter between the nucleus and the proto-
plasm which incloses it, the cell protoplasm would then be
derived solely from the ovum, and would represent maternal
characters only, whilst the nucleus would possess characters
derived from both parents. But if, as is most likely, during the
process of karyokinesis, when the nuclear membrane has dis-
appeared, an interchange of matter takes place between the
nuclear substance and the cell protoplasm, the latter would then
become, if I may say so, inoculated with some at least of the
nuclear substance, and be no longer exclusively of maternal
origin. Again, it should be stated that, as E. van Beneden has
described, when the spermatozoon enters the egg it takes with
it a portion of the protoplasm of the sperm cell. This apparently
blends with the protoplasm of the egg itselfl. With Waldeyer,
therefore, I would ask the question, Is this altogether without
significance ? It would seem, therefore, as if the whole of the
cells of the body and the tissues derived from them are, as
regards both nucleus and cell protoplasm, descended from
material originally belonging to both parents. .

Although ova in different organisms differ materially from
each other in size, shape, the relative amount of food yolk
which they contain, the mode of segmentation, and the presence
or absence of a segmentation cavity, they all agree in this that
the primordial cells of the egg are nucleated masses of proto-
plasm. Notwithstanding, the general resemblance of the mor-
phological units which thus mark the first stage in the pro-
duction of young organisms, each fertilised ovum gives rise to
an organism resembling that in which the egg itself arose.
Hence the offspring resemble the parents, and the species is
perpetuated by hereditary transmission, so long as individuals
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remain to keep up the reproductive process. During sexual
reproduction the substance of the segmentation nucleus under-
goes karyokinetic changes during the act of segmentation, and
the question arises if the process of karyokinesis is the same for
all organisms, whether plants or animals, or if there are specific
differences. As the fertilised ovum is potentially the organism
which is to arise from it, specific differences not unlikely exist
in the minute structure of the segmentation nucleus, which
may be expressed by modifications in the arrangement of the
chromatin fibres and in the number of their loops. The varie-
ties which have been described in the forms of the karyo-
kinetic figures and polar radiations in different plants and
animals may perhaps mark these specific differencea.

But there is another question which merits consideration.
Are the karyokinetic phenomena which show themselves in the
cells of a given tissue characteristic of that tissue; and, if so,
would it be possible to distinguish one tissue from another in
the same organism by differences in the process of cell division ?
On this point a commencement seems to have been made to-
wards obtaining some positive knowledge. Strasburger and
Heuser think that they have obtained evidence in certain plant
cells that such is the case; Rabl concludes, from observations
on the epidermic cells of Salamander, that the loops of chromatin
fibres are constantly twent.y-four in number in the same kind of
cell in the same species of animal.

But in considering the different kinds of tissue, and the
possibility of each kind possessing its characteristic karyo-
kinetic process, it has to be kept in mind that more than one
kind of tissue, each of which has its characteristic structure and
function, arises from each layer of the blastoderm, so that there
is a stage in development—a stage of indifferentism, if I may use
the expression—when the blastoderm represents several tissues
which have not yet differentiated. From the epiblast, for example,
tissues so diverse in structure and function as cuticle and nerve
tissue arise. Now, if there be a special karyokinetic process
for the epidermal cells, and another for the nerve cells, does either
of these correspond with the process of nuclear division in the
cells of the epiblast in their stage of indifferentism, or do they
both differ from it? When does the impulse reach the layers
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of the blastoderm, so as to produce in their constituent cells
changes which so alter the characters of the cells as to lead to
a differentiation into various forms of tissues, and to what is
that impulse due? In.the development of each species there
seems to be a definite time within certain limits when the
differentiation shall begin, and when the process of develop-
ment of the tissues and organs shall be completed. This is an
hereditary property, and is transmitted from parents to off-
spring. Is the impulse derived from the nucleus or from the
cell protoplasm, or do both participate? As already stated, the
nucleus is the element which is immediately descended from
both parents, and which may therefore be supposed to be the
primary, morphological unit through which hereditary qualities
are transmitted. But, as is most probable, the nucleus reacts
on the cell protoplasm—on the element of the cell through
which the ordinary nutritive functions are discharged. As a
consequence of this reaction when the appropriate time arrives
in the development of each species, for the commencement
of the differentiation of the protoplasm of a cell, or group
of cells, into a particular kind of tissue, the necessary morpho-
logical, chemical, and physiological changes take place. When
once the differentiation has been effected, it is continued in
the same tissue throughout the life of the organism, unless
through some disturbance in nutrition, the tissue atrophies or
degenerates. Every multicellular organism, in which definite
tissues and organs are to arise in the course of development, has
therefore a period, varying in its duration in different species,
in which certain of the properties of the cells are as it were
dormant. But, under the influence of the potent factor of
heredity, they are ready to assume activity as soon as the
proper time arrives. When the process of differentiation and
development is at an end, the organism has attained both its
complete individuality as regards other organisms, and its
specific characters.

Every organism, therefore, has to be viewed from both these
points of view. Its specific position is determined by that of its
parents, and is due to the hereditary transmission of specific
characters through the segmentation nucleus. Its individuality
is that which is characteristic of itsclf; and arises from the fact
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that in the course of development a measure of variability
within the limits of a common species, from the organic form
exhibited by ite parents and by their other offspring, is permitted.
In all likelihood the variability, as Weismann has suggested,!
is, to a large extent, occasioned by the bisexual mode of origin
of 8o many organisms. By the expulsion of the polar bodies,
during the maturation of the egg, portions of the ancestral
germ plasm may be removed, and as corresponding molecules
need not be expelled from each ovum, similar ancestral plasms
would not be retained in each case, so that diversities would
arise. There is also a possibility of the molecular particles of
the segmentation nucleus and of the nuclei of the cells de-
scended from it, having a method of arrangement and
adjustment, and a molecular constitution characteristic of the
individual as well as of the species. On this matter we have,
however, no information. It is as yet a mere hypothesis. When
we consider the extreme minuteness of the objects referred to,
and recollect that it is only about fifteen years since karyo-
kinetic phenomena were first recognised, it is astonishing what
progress in knowledge has been made within this limited period.
We owe this great advance to the much more complete magni-
fying and defining power of our microscopes, to the improved
method of preparation of the objects, and to the acute vision
and clear-thinking brains of those observers who have worked at
the subject. By continuing the work, and extending it over a
wider area, we may hope in time to be able to solve many
questions to which we cannot now give an answer.

The nuclear material which makes up the substance of the
male and female pronuclei, by the fusion of which the segmen-
tation nucleus is formed, has been termed by Professor Weis-
mann the germ plasm. In a series of elaborate papers he has
developed a Theory of Heredity,? based upon the supposed con-
tinuity of the germ plasm. He believes that in each individual
produced by sexual generation a portion of the germ plasm
derived from both parents is not employed in the construction

1 See his Essays ‘‘ The Significance of 8exual Reproduction in the Theory of
Natural Selection ;” ‘“On the Number of Polar Bodies and their Significance in
Heredity ;” translated in Essays on Heredity, Oxford, 1889,

2 Translations of these papers have been published by the Clarendon Press,
Oxford, 1889.
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of the cells and tissues of the soma, or personal structure of that
individual, but is set aside unchanged for the formation of the
germ cells of the succeeding generation—that is, for reproduction
and the perpetuation of the species. According to this theory,
the germ plasm, more especially through the chromatin fibres,
is the conveyer of hereditary structure and properties from gene-
ration to generation. Further, he holds that the cells, tissues,
and organs, which make up the somatic or personal structure of
the individual, exercise no modifying influence on the germ or
reproductive cells situated in the body of that individual, which
cells are also, he thinks, unaffected by the conditions, habits,
and mode of life. In its fundamental idea Weismann’s theory
is in harmony with one propounded a few years earlier by Mr
Francis Galton.!

In an address delivered at Newcastle in September last
to the Anthropological Section of the British Association,?
I reviewed this theory of heredity, and, whilst finding in it
much with which one could coincide, I directed attention to
points to which, I thought, objection might be taken. More
especially I took exception to the idea that the germ plasm was
so isolated from the cells of the body generally as to be unin-
fluenced by them, and to be unaffected by its surroundings.

On this occasion I propose to say a few words on the bearing
of this theory on the development of the tissues and organs of
the individual. If we examine the development of the embryo,
say of one of the Vertebrata, we find that it makes a certain
advance, varying in its time and extent according to the
species, without any differentiation of a reproductive organ
with its contained germ plasm being discoverable. I shall not
enter into the much-disputed question of the layer or layers of
the blastoderm from which the reproductive cells take their
rise. But I may say that in the Chick, both in the third and
fourth day of incubation, a layer of germinal epithelium may be
seen in close relation to the Wolffian duct and the pleuro-
peritoneal cavity. At the end of the fourth day or in the fifth

1 Proc. Roy. Soc. London, 1872 ; and Jour. Anthrop. Inst., vol. v., 1876,

2 This address was reported at considerable length in the Times newspaper,
September 14th, and in full in Nature, September 26th. It will also sppear in
the reports of the Newcastle meeting published by the Association.

D
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day this epithelium becomes thickened, and the primordial ova
appear in it as distinctly differentiated cells. In the Rabbit a
corresponding differentiation does not appear to take place
before the twelfth or thirteenth day. Up to the period of
differentiation of the primordial ova, no isolation or separation
of the reproductive cells and germ plasm has taken place ; and,
so far as observation teaches, there is nothing to enable one to
say which cells of the blastoderm may give rise to primordial
ova, or which may differentiate into cells for other histiogenetic
purposes. But before the germ cells appear, the rudiments of
the nervous, vascular, skeletal, muscular, tegumentary, and
alimentary systems, and the Wolffian bodies or primordial
kidneys have all been mapped out. Up to this time, therefore,
in all probability, a more or less complete diffusion of the
germ plasm throughout either one or more of the layers of
the blastoderm has taken place. The hereditary influence
conveyed by the germ plasm would thus be brought to bear upon
the cells of the blastoderm generally, so as to impart to them
the power of undergoing at the appropriate period the morpho-
logical and chemical differentiation to form the several tissues.
As the tissues and organs are derived through division of the
nuclei from the cells of the blastoderm, the continuity of the
hereditary influence exercised over them is kept up, even after
the germ plasm has become isolated, and the entire organism is
moulded so that it acquires its specific and individual characters.!

1 On the question of the influence exercised by the germ plasm on the tissues,
I may refer to some most suggestive remarks by Sir James Paget, published forty
years ago, in the London Medical Gazette, 1849, in one of his Lectures (VI.) on
‘“The Processes of Repair and Reproduction after Injuries:”—‘‘In every im-
pregnated germ we must admit that properties are implanted, which, in favour-
able conditions, issue in the power to form, of the germ and the materials it
appropriates, a being like those from which it sprang. And, mysterious as it may
seem, yet mnst we conclude that a measure of those properties is communicated
to all the organic materials that come within the influence of the germ : so that
they, being previously indifferent, form themselves in accordance with the same
specific law as that to which the original materials of the germ are subject. So
through every period of life the same properties transmittod and diffused through
the whole organism are manifested in the determination of its growth and main-
tenance, in its natural degeneration, and its repair of every part, in accordance
with that type or law which has prevailed in every individual of the species.”
See also a Lecture *‘On the Formative Process,” in Lectures on Surgical Pathology,
vol. i., London, 1853.
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But the diffusion of the germ plasm throughout either
the whole of the blastoderm, or a part thereof, of necessity so
intimately associates it with the formative cells of the tissues
generally, that it is difficult, if not impossible, to comprehend
how in its turn it can be unaffected by them. Before, there-
fore, it again becomes stored up or isolated in an individual, in
the form of ova or sperm cells, it has in its stage of diffusion
been brought under precisely the same -influences as those
which in the embryo affect the formative cells of the whole body.

From the observations and reasoning of Wilhelm His;! there
can, I think, be no question that the layers of the blastoderm are
affected by pressures and other mechanical conditions. These
pressures would produce or modify flexures, or occasion a diminu-
tion in dimensions in some directions and an increase in others;
and in this way would tend to affect either the form of the
entire organism, or the form and relations of its constituent
parts, or perhaps both. Should such modifying influences come
into operation either before the isolation of the germ plasm,
or when it was in a plastic or impressionable condition, one
could conceive that it might be affected by them. Molecular
changes might thus be induced in the germ plasm of such a kind
as to modify the properties of the chromatin constituent of the
nuclei, 80 as to induce in it and the germ plasms descended from
it corresponding modifications, which would become hereditary.
If such an hypothesis be granted, it would follow that the
external conditions would exercise a perceptible influence on
the germ plasm of the reproductive cells, both in the individual
in which they first manifested their effect and in the generations
which are descended from him.

If the germ plasm, from the first stage of development of
each organism, were completely isolated from the cells from
which all the other cells of the body were produced, it would
be possible to conceive its transmission from generation to
generation unaffected by its surroundings. But as in each in-
dividual a stage of diffusion or non-isolation precedes that of
differentiation into the special reproductive apparatus, it follows
that the conditions which would secure the germ plasm and the

1 Proc. Roy. Soc. Edin., April 2, 1888.
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soma cells from mutual interaction are not complied with. On
this ground, therefore, as well as for the reasons previously
advanced in my Newcastle Address on Heredity, I am unable
to accept the proposition that there can be no transmission to
the offspring, through the reaction of the soma on the germ
plasm, of characters which may be acquired under direct
external influences. But in questioning the accuracy of the
proposition that somatogenic “acquired characters” are in-
capable of being transmitted, I do not of course contend that
all the characters which may be acquired during the lifetime of
an individual are perpetuated in his descendants.

Gentlemen! Well nigh fifty years ago great men, who were
engaged in microscopical research, lived in this city and were
connected with this school of medicine. Men who were leaders in
biological discovery and modes of thought. Although we cannot
claim to be in direct physical continuity with their germ plasm,
and with the chromatin fibres of their nuclei, we are in the line
of succession to their scientific heritage. It becomes us there-
fore to strive to make ourselves worthy of this great inheritance.
If the members of the Society can in the course of years, by the
excellence of their work, make advances in science at all com-
parable to those effected by these distinguished predecessors,
we and those who come after us may then say, in all confidence,
that the founders of the Society were justified in their endeavours
to give it a place amongst scientific societies in Scotland.
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Sedgwick’s Theory of the Embryonic Phase of
- Ontogeny as an aid to Phylogenetic Theory.

By

E. W. MacBride, B.A.,
Fellow of St. John’s College, Cambridge ; Demonstrator in Animal Morpho-
logy to the University of Cambridge.

IN a recent number! of this Journal there appeared a paper
by Mr. Adam Sedgwick on the significance of the embryonic
phase in development, which embodies a principle which, if
true, seems to me well fitted to throw light on some obscure
problems in morphology.

It is not the object of the present essay to discuss the cor-
rectness of Mr. Sedgwick’s views, but rather, assuming them
to be true, to point out some of their consequences.

These views may be briefly stated as follows. Making a
broad survey of the facts of ontogeny, we find that there are
two main types or phases of development—the larval and the
embryonic. In the former case the immature organism pur-
sues a free life, engaging in the struggle for existence; in the
latter case the developing animal is shut off from the influence
of external conditions, either inside an egg-membrane or in
the uterus of the mother; but in both cases it is relieved from
the necessity of having to seek its own living, since nourish-
ment is provided for it either in the shape of food-yolk or fluid
nourishment exuded from the uterine walls.

In many cases the whole course of the ontogeny of an animal

! «On the Law of Development commonly known as von Baer’s Law ; and
on the Significance of Ancestral Rudiments in Embryonic Development,”

Quart. Journ. Miecr. Sci.,” April, 1894.
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is embryonic, but in every case larval development is preceded
by a longer or shorter period of embryonic development.

The whole interest of the science of Embryology lies, of
course, in the fact that features observed in both types of de-
velopment seem inexplicable except on the assumption that
they are reminiscences of structures possessed by the ances-
tors of the animals in whose development they appear. Such
traces of the history of the race are to be found in the vast
majority of larvee ; in embryos they are likewise to be found,
though here they are less prominent, as is seen by comparing
the development of two allied forms, in one of which thelarval
type prevails, and in the other the embryonic. Now Mr. Sedg-
wick’s theory of the relation of the two types to one another is
that that portion of embryonic development in which ancestral
features are observable represents a larval stage passed over
inside the uterus or egg-membrane and modified in con-
sequence. Thus the chick during the first four or five days
of its existence is to be regarded as an immensely modified
larva.

If this view be true it follows that, however modified the
record of ancestral history contained in the larval development
may be, the embryonic record of the same history can never
rise above it in value.

It was until lately customary to assume, explicitly or im-
plicitly, that there was an inherent tendency for the ontogeny
of the individual to be a summarised repetition of the phylo-
geny of the race. In proof of this statement we may adduce
Balfour, who in his ¢ Text-book of Comparative Embryology’
(vol. ii, p. 298), says,  Unless secondary changes intervened
this record [of ancestral history] would be complete;’’ and
Bateson,! in his discussion of the ancestry of the Chordata,
commits himself to a similar position. That there can be no
such general tendency is, however, shown by the fact that in

V «The Ancestry of the Chordata,” W. Bateson, ¢ Quart. Journ. Micr.
Sci.,” 1886. “Development within an egg-shell as involving a less compli-
cated struggle with enviromental forces, is less subject to variation than that
in the open sea, and consequently is more likely to preserve ancestral features.”
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bud ontogeny there is no trace of anything which can be inter-
preted as ancestral structures, and that some most striking
and recent changes, such as the loss of limbs in snakes or the
reduction of the toes of the ostrich to two, are not recorded in
embryology, i. e. the organ concerned shows from its inception
the adult arrangement.

How then does the theory we have adopted account for the
retention of ancestral characters by larvee ?

So far as we can judge by comparative anatomy, the stimuli
to evolution (in the sense of change of structure) have been
two, viz. (1) change of environment and habits, and (2)
increased or decreased demands on the working of certain
organs. As we therefore pass along a series of genetically
connected animals, we should find, pari passu with the
environment and the functional demands of the organism, the
structure changing. If these stimuli commenced to act from
the beginning of free life, then each individual adult in the
chain would show from the beginning the modified structure
belonging to it; but if these stimuli were deferred in their
operation till the animal had attained a certain size, then what
was before a uniform life-history would become differentiated
into two periods—a larval during which the ancestral habits
were retained and the structures corresponding to them, and
an adult in which new habits were assumed and structure
correspondingly modified.

An illustration will make this clear : if young flat-fish when
they emerge from the egg were at once to adopt the adult
mode of life, then that most interesting larval stage, in which
they are bilaterally symmetrical, would be missed out in their
development.

Thus we see as a race of animals progressed from point to
point in evolution, it would tend to develop a trail of larval
stages, each grade of development surmounted being re-
presented by a new larval stage intercalated in the ontogeny.
This process, however, could not go on indefinitely; there
would soon arise the tendency for the earlier larval stages to
be passed over whilst still in the egg-membrane, and so a
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portion of the development would become embryonic, and so
subjected to the various modifying influences which are con-
nected with this type of ontogeny. Therefore it follows, as
the first important deduction from Sedgwick’s theory, that in
seeking to obtain a basis for phylogeny, most importance must
be attached to animals which show long larval histories.

Balfour with his usual sagacity has, so to speak, instinctively
anticipated this conclusion. Although he points out that  the
favourable variations which may occur in the free larva are
much less limited than those which can occur in the fetus,”
he says that there is “ a powerful counterbalancing influence
tending toward the preservation of ancestral characters,in that
larvee are compelled at all stages of their growth to retain in a
functional state such systems of organs at any rate as are
essential for a free and independent existence ”’ ( Comp. Emb.,’
vol. ii, p. 299).

The objection, alluded to in Balfour’s statement, that larve
as well as adults have been subjected to the modifying influ-
ences of their environment, will readily occur to most minds.
Let us consider whether it is possible to approximately estimate
the nature and amount of such influences; and, first of all, let
us consider what is meant by secondary larvee.

Balfour imagined that secondary larval forms might be pro-
duced by a diminution in the food yolk, and consequent earlier
commencement of free existence (loc. cit., p. 300). There is
no evidence to suggest that such a change has ever taken
place ; all the facts point in a contrary direction. We shall
see that food yolk produces the most diverse distortions of
development ; the developmental processes of free larve are,

on the other hand, remarkably uniform. Secondary larve
must be regarded as having arisen owing to the young adults
having taken to a new mode of life; the best instances of this
are perhaps the aquatic larvee of the may-flies and dragon-flies.
We have the strongest reason for believing that the immediate
ancestors of insects were terrestrial animals, and the aquatic
larvee mentioned show their secondary character by the fact
that their respiratory organs are modified from organs adapted
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to air breathing. Their * tracheal ”’ gills, instead of like all
other gills bringing the blood into close proximity to the water,
bring their blood first into contact with air contained in a
system of closed tubes, and then this air into contact with the
water.

In the case of ordinary larvee, the probability of modifica-
tions due to adaptation to the environment cannot be denied.
If, however, Sedgwick’s hypothesis is correct that ¢ larval
history is constructed out of ancestral stages,” or, in other
words, that the larva retains ancestral characters because it
retains the ancestral mode of life, then the environment has
remained to a large extent constant (at any rate in the com-
monest case, that of pelagic larvee), and the changes they are
likely to have undergone, instead of being, as Balfour supposed,
unlimited, will be comparatively few in number.

Of these changes reduction in size is the most important.
The passage to the adult state is often accompanied by the loss
of larval organs, and great changes in those which are retained,
necessitating in some cases the complete destruction of their
constituent cells, and their reconstruction from rudiments
which have retained the embryonic condition (histolysis). It
is, therefore, clearly to the advantage of the larva to grow no
larger than necessary before it undergoes metamorphosis.
Correlated with this loss of size is the frequent disappearance
of all traces of segmentation, since this is probably to be
regarded as essentially the same phenomenon as vegetative
reproduction, only held in check by the individuality of the
whole. Metameric series of organs are represented only by
those members which are absolutely necessary. Another
change which larvee are prone to undergo, is the acquisition of
transparency. What results this carries in its train will be men-
tioned below. Finally, the occurrence of long spines is a wide-
spread phenomenon, though what their precise use is it would
be rash to surmise. Possibly they are of a protective nature.

Let us now apply these principles in a concrete case, for
example the larve of the Crustacea.

The characteristic larva of the Entomostraca is the well-
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known Nauplius, which shows no signs of segmentation. We
have however from comparative anatomy, strong reason for
believing that the ancestor of the Crustacea was segmented,
and that it was probably related to the Polycheta. How is
this apparent contradiction to be explained? We answer that
the Nauplius retains the ancestral habits of Crustacea, and
with this a certain necessary amount of ancestral structure;
but it has diminished in size and external segmentation has
disappeared. Since in the ancestor locomotion and prehension
of food were effected by one or two pairs of anterior append-
ages only, we have these alone represented in the Nauplius,
though the ancestor doubtless possessed in addition a series of
segments bearing undifferentiated parapodia-like appendages.
The complete disappearance of these is a mark of the high
specialisation of the larva; if we compare the various
families of the Entomostraca with one another, we find that
in the primitive group of the Branchipoda, the Nauplius shows
indications of a postoral segmentation; whereas in the highly
specialised Cirripedes and Ostracods we get a specialised
Nanplius. In the former case this is brought about by the
outgrowth of great spines, in the latter by the precocious
appearance of the adult bivalve shell, and in neither instance
is there a trace of segmentation.

The larva of the Malacostraca the Zosa, has been a great
puzzle to morphologists. It is quite impossible to regard
some of the peculiar features, such as the suppression of the
thoracic segments and their appendages, as ancestral, and the
question has been raised by Claus,! whether it has any
phylogenetic significance at all.

Applying Sedgwick’s principle, we explain the Zowa as’
representing a later ancestral stage than the Nauplius, in
which some of the Nauplius appendages had become ex-
clusively masticatory and others exclusively tactile in function;
the main locomotor function had been, so to speak, passed on
to the two or three pairs of maxillipedes, which are

! L. Claus, “Zur Kenntniss d. Malakostrakenlarven,” ¢ Wiirz. Naturw.
Zeitschrift,” 1861.
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always large and biramous, whilst at the same time some of the
most posterior segments have been modified to form a powerful
jointed “tail.”” The thorax retained its primitive character,
and is accordingly suppressed in the larva; though here in
comparing the Zowae of the various groups we meet with a
precise parallel to the case of the Nauplii. The Zosea of the un-
differentiated Schizopod possesses only one pair of maxillipedes,
and even they are short and somewhat foliaceous, but it showsa
distinct segmentation of both thorax and abdomen. Still more
instructive are the larvee of the lower families of the Decapods,
the Sergestide and Penmide. Taking Pensus for example, we
find that it escapes from the egg-membrane as a Nauplius : it
gradually changes to a Zoza with two pairs of maxillipedes and
the thorax distinctly segmented and with rudimentary append-
ages ; this passes into a form with thorax well developed and
all its appendages biramous—the so-called Mysis-stage, closely
resembling the adult Schizopod,—and from this it passes to the
adult state. On the other hand, in the highly specialised
Brachyura we find a highly specialised Zosa, in which the
thoracic segments are totally suppressed and the thorax pro-
longed into great spines, the Mysis-stage is dropped but a new
“ Megalopa ”’-stage is introduced, which strongly recalls the
Macrura, and may be taken to indicate a Macrurous ancestor.
The existence of the Megalopa and Mysis stages, the signifi-
cance of which is obvious, affords the strongest reason for
maintainingthe ancestral significance of the Nauplius and Zoza
stages; in doing so one merely follows the universal rule of
science, i. e. reasoning from the known to the unknown.
Turning now to the embryonic type of development, let us
examine the causes which are likely to modify a course of
development which is primitively larval. First we must
discriminate between various kinds of embryonic development.
There is, in the first place, the type in which the organism is
confined within the egg-membrane and supplied with nutriment
by means of yolk stored up in its cells. Secondly, we have

‘cases in which the embryo, still remaining in the egg-mem-

brane, is retained in the body of the mother, the egg being
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closely applied to the uterine wall, from which nourishment-is
obtained, and the yolk having consequently in large measure
disappeared. Thirdly—a much rarer case,—a number of eggs
are enclosed together in a capsule and only one develops; the
eggs destined to be eaten being known as yolk cells. As aless
extreme case we have the eggs all developing up to a certain
stage, but only a few surviving. This condition is seen in
Prosobranch Mollusca. Lastly, we may mention those cases
in which the uterus or other brood-pouch of the mother is
used, so to speak, as a nursery for the larve, the embryos
escaping from the egg-membrane, and passing the earlier part
of their existence as free-swimming organisms inside the
brood-pouch.

Taking the first case, which is by far the commonest, the
disturbances of development which are found in it are due to
two main causes—yolk and the egg-membrane. It is owing
to the cramping influence of the latter that external differentia-
tion of form is to a large extent lost. The gastrula of
Asterina gibbosa, for instance, is almost spherical, con-
trasting thus with the common form of Echinoderm gastrula,
which is more orless elongated. Where the egg is enclosed in
a roomy capsule, on the other hand, as in the Pulmonata, this
is less frequently the case; for instance, we have the velum of
Limnseus and Planorbis. Mere disuse will not suffice to
account for the disappearance of external organs, as in this
case all traces of ancestral history ought to disappear in internal
as well as external organs, and this is not the case.

The presence of food yolk exercises the most distorting
influence on development. To Lankester! is due the credit of
firstlaying emphasis on this. In treatingof the development of
Mollusca he points out that the question whether the endoderm

" is represented by many or few cells, and whether, consequently,
these are invaginated to form the gut, or whether the ectoderm
grows over them, is entirely determined by the amount of yolk
present. Balfour, who had almost at the same time instituted a

1 ¢ On the Invaginate Planula or Diploblastic Phase of Paludina vivi-
para,” E. Ray Lankester, ¢ Quart. Journ. Micr. 8¢i.,” vol. xv, 1875.
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similar comparison between the segmentation of the eggs! of
vertebrates, subsequently put forward the thesis,? based on a
comprehensive survey of the facts of embryology, that the
rapidity of segmentation of a given region of the ovam is in-
versely proportional to the amount of yolk contained in it.

The general effect of the presence of yolk, therefore, when
massed specially in the endodermic end of the ovum, is to
impede cell division, and render processes of development
which depend on folding (e. g. invagination) impossible.

There is, however, another manner in which yolk can be
accumulated, and that is in the more central portion of the
ovam, instead of at one end. This is characteristic of the
Arthropoda. When it is comparatively moderate in quantity,
as in the case of Lucifer, segmentation and invagination can
proceed normally, though the number of cells composing the
blastosphere is small. When it is somewhat greater in quantity,
as in Branchipus, segmentation at first proceeds normally, but
soon the inner yolky ends of the blastomeres fail to be governed
by the rapidly increasing nuclei, and segmentation only affects
the outer layer of the egg, the inner ends of the first formed
blastomeres fusing together to form a central yolky mass. In
most Crustacea the yolk is so large in quantity that only
superficial segmentation is possible from the beginning. In-
vagination of this outer layer toform the gut still occurs in some
cases, the yolky mass being pushed before it ; but, since the yolk
is eventually absorbed by the endodermic cells, even this soon
ceases to be possible, and we reach eventually a condition in
which thesegmentationand first processes of development recall
to a certain extent those found in telolecithal eggs when the yolk
increases to such an extent as to prevent segmentation at the
endodermic pole at all (meroblastic eggs). In the scorpionsand
insects segmentation in its earlier stages is totally suppressed,
and represented merely by the multiplication of nuclei; and in
the later stages segmentation only occurs where developing
organs require it, and thus a mimetic meroblastic segmenta-
tion is produced.

1 ¢Quart. Journ. Micr. Sci.,’ 1876. 3 ¢Comp. Emb.,’ vol. i, p. 131.



884 E. W. MACBRIDE.

The second type of embryonic development, viz. that in
which the egg is applied to the uterine wall, is characterised
by the reduction of the food yolk, so that the segmentation
reverts to the total type. Sharply marked traces, however, of
the former presence of yolk remain. The gorging of the en-
doderm with yolk has rendered the archenteron functionless,
and as it still remains functionless when the plan of absorbing
nutriment from the uterus through the general surface is
introduced it is deferred in development, and in fact the
destiny of the first products of segmentation is totally different
in Mammalia from what it is, for example, in Echinoderms.

In the third type of embryonic development, in which the
ovum is enclosed in a capsule with a number of yolk cells, the
most weird changes are produced in development. We read
of a complete separation and subsequent reunion of the blasto-
meres for instance; this type is almost confined to the
Platyhelminths, and is alluded to here only for the sake of
completeness, and to show how few traces of ancestral history
the development of these animals affords. One family only,
the Dendroccela, lay their eggs singly, and in this case we have
a large amount of food yolk present; yet Platyhelminths
have bulked largely in many phylogenetic speculations.

Lastly, we have those few cases in which the developing
animal escapes from the egg-membrane, but remains in the
uterus or brood-pouch. In these cases we have comparatively
little interference with the normal course of development. The
early stages occur in a perfectly regular manner, and we have,
in fact, free-swimming larvee within the brood-pouch; it is
only in the later stages that they commence to absorb fluid
from its walls. It is necessary to emphasise this type of
development, though it is compgratively rare (Brachiopods,
Paludina, and Amphiura squamata) because if it is con-
founded with the foregoing types, its totally different character-
istics would seem quite inexplicable.

I ought perhaps to mention that the earlier stages of
Amphiura squamata are described as being abnormal by
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Russo,! but neither the figures nor the methods of this author
are calculated to inspire much confidence. These earlier stages
are very difficult to obtain, but I have strong reason to suspect
from those which I have seen, that the earlier development
follows the ordinary Echinoderm type. '

Having thus rapidly reviewed the principal disturbing
factors in embryonic development, we can employ our know-
ledge in attacking one of the most vexed questions in mor-
phology, viz., the significance of the mesoderm and its contained
cavity the ceelom.

Is the former to be regarded as a differentiated portion of
the gut-wall, and the latter as a portion of the enteric cavity,
or is the celom to be regarded as a mere enlargement of the
cavity of the gonad as Hatschek? has suggested ?

In all Annelids and all Mollusca (Paludina and Cephalopods
excepted) the mesoderm first appears as two symmetrically
situated large cells—the primary mesoblasts. In Paludina,
Echinodermata, Sagitta, Brachipoda, and Amphioxus, it arises
as one or more pouches of the gut. Now, leaving out of
account Anthropods, Vertebrates and Cephalopods, where the
development has been complicated by the enormous amount
of yolk present, we find that of the other groups the Echino-
derms have by far the most prolonged larval development.
They are unique amongst the Ceelomata in the fact that the
blastosphere is a free-swimming larva, and that consequently the
development of both endoderm and mesoderm takes place during
their free-swimming life. Here, then, we may on our hypothesis
expect to find ancestral structure preserved,and here we find that
the cceelom is developmentally a part of the archenteric cavity.

No Annelid or Molluscan larvee commence free life so early ;
most of them may be ruled out at once for the purposes of
this comparison, since the disturbing presence of yolk shows
itself plainly in the fact that the endoderm is represented by
a few large spheres, and the production of a pouch has become

! Achille Rosso, “ Embryologia d' Amphiura squamata,” ¢ Rendiconti

della Societd Reale di Napoli,’ tome vii (2nd series).
% ¢ Lehrbuch der Zoologie,” 1891, B. Hatschek.
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an impossibility., A few Annelid eggs have, however, very
little yolk, and the larvee commences a free life in the gastrula
stage.! Even here, however, if the blastosphere be compared
with that of an Echinoderm, one is struck at once by the com-
paratively small number of cells it has, and one understands
why the mesodermal rudiment should be represented by a
single cell. The small number of cells is doubtless due to the
comparatively large quantity of yolk, even if it be fairly
uniformly distributed. This is probably, however, not the
only reason why the ccelomic gut pouch is not found in the
Annelid larva, If we compare Echinoderm larve with one
another, we find that the blastoccele or segmentation cavity
and the cecelom vary inversely with regard to one another.
Thus in the creeping larva of Asterina the ccelom is very
spacious, and the blastoccele reduced to a mere slit; in the
pelagic larva of Asterias, on the other hand, the blastoccele is
exceedingly large, and the ccelom has the form of two narrow
tubes the lumen of which is in parts occluded. A similar
comparison can be made between the ordinary Tornaria larva
of Balanoglossus and Bateson’s larva. The reason of this
difference is not far to seek. It is to the over-development of
the blastoceele with its contained jelly that pelagic larve owe
that transparency which is so invaluable to them; hence the
great development of the blastocele in pelagic larve and con-
sequent feeble development of the ccelom.

Now whatever may be the functions of the ccelom in
Echinoderms, in Annelids its main functions are excretion, and
the production of the sexual cells. Of these the first is
performed in the Trochophore (the characteristic Annelid larva)
by the so-called protonephridium, and the second has, of
course, no place in larval economy. Hence, if we regard the
Trochophore as bearing somewhat the same relation to the
Echinoderm larva as the Zowma of the crab does to that of
Penseus, we see why the ceelom should have been entirely sup-
pressed and the mesoderm represented only by a few large cells.

! Compare figures given in Korschelt and Heider’s ¢ Lehrbuch der Ver-
gleichende Embryologie.’
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Thus the ccelom appearsto be, phylogenetically, simply a differ-
entiated portion of the archenteron ; when the lumen of the
latter is small, and its walls are composed of only a few large
cells, the mesodermic walls of the ceelom are represented by a
single large cell on each side.

A little consideration will throw light on the reason why
what we see to be probably the primitive mode of development
should appear in Paludina Brachiopods and Amphioxus. In
all these cases the yolk is exceedingly small in quantity and
uniformly distributed ; in the first two cases we have a
pseudo-embryonic development—the fourth type mentioned
above,—and of course in this case there are no pelagic conditions
to require a suppression of the ccelom. Amphioxus has a long
larval history. Sagitta, on the other hand, pursues a true
embryonic development within the egg-membrane; but the
yolk appears to be quite uniformly distributed, and hence its
primitive character.

A second vexed question which naturally follows directly on
that of the origin of the mesoderm, is the origin of the
endoderm, and consequentlyof the gastrula itself. Echinoderm
development suggests the idea that the ancestral form of
metazoon was a sphere of ciliated cells, and that the archenteron
arose through the specialisation of a portion of the surface of
the sphere to fulfil digestive functions and its invagination
into the anterior. This is the view adopted by Korschelt
and Heider ;! and it is, of course, the famous gastraea hypothesis
of Haeckel.? On the other hand, contrary opinions have been
put forward by Metschnikoff,® Lankester,* and Sedgwick.®

1 ¢Lehrbuch der Vergleichende Embryologie,” vol. i, p. 8l. Heider
showed experimentally that carmine granules were swept by the cilia to the
posterior end.

? Haeckel, Studien der Gastraea Theory,’ Jena, 1877.

3 El. Metschnikoff, “ Spongiologische Studien,” °Zeit. fiir wiss. Zool.,’
Bd. xxxii, 1879.

¢ E. Ray Lankester, ‘“ Notes on Embryology and Classification,” ¢ Quart.
Journ. Mier. 8ei.,’ vol. xvii, 1877.

8 A, Sedgwick, “The Development of the Cape Species of Peripatus,
pt. iii,”’ * Quart. Journ. Micr. Sei.,’ vol. xxvii, 1887.
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Metschnikoff starts, like Haeckel, from the blastosphere or
blastula as an ancestral form; he supposed it, however, to
have become filled up by cells wandering in from the periphery.
In the midst of these a digestive cavity was later developed,
and finally the mouth was formed by the specialisation of the
area through which food was taken in. Lankester, starting
from the same form, supposes the inner ends of the cells of the
blastula to have become differentiated so as to be specially
digestive in function, and later that they became separated off
as a special layer. The cavity of the blastosphere was thus the
digestive cavity, and food at first taken in over the whole surface,
was latertakenin only atone point, and thus a mouth was formed.

Sedgwick, on the other hand, is inclined to start from a
protozoon in which cell territories were non-existent, though
many nuclei were present. He supposes that the gut originated
as a digestive vacuole, and that the nuclei acquired a definite
arrangement with regard to this vacuole and other organs, and
thus tissues were constituted. Cell territories, in so far as they
exist in the adult, he regards as due to secondary rearrangement
of the protoplasm.

We have already pointed out that Echinoderm development
tells strongly in favour of the view supported by Haeckel and
Korschelt and Heider, and that Echinoderm development,
from its almost exclusively larval character, is of the very
greatest importance in deciding such a question. Its evidence
is by no means solitary ; the statement may be made that, in
all Celomata without exception, when the yolk is feebly
developed and evenly distributed we find the embryo pass
through a blastula stage which is converted into a gastrula
by invagination (cf. Leucifer among Crustacea, Polygordius
and Serpula and many others in Annelids, Paludina and
Chiton in Mollusca, Amphioxus and Cyclostomes in Verte-
brata, &c.). The groups which constitute the chief support
of Metschnikoff’s theory are Sponges and Ceelenterata. We
may leave the first entirely out of account, as it is quite pos-
sible that they constitute a distinct phylum to the rest of the
Metazoa. In many Ccelenterates we start from a blasto-
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sphere, which is in some cases a free-swimming larva.
This blastospere, however, becomes filled up by cells which
wander in from the external layer; in most cases this
seems to take place from one end of the somewhat elongated
blastosphere, and in Aurelia this process is replaced by in-
vagination. Now the important point to notice in these
larvee is that during their free-swimming life the gut is func-
tionless ; and this accounts for the fact that it is represented
by a solid rudiment. A precise parallel to the difference
between the endoderm of the Ccelenterate and Echinoderm
larvee may be found amongst the larvee of the Ectoproct
Polyzoa. In the pelagic larva of Membranipora (Cyphonautes),
which has a long free-swimming life, we find a perfectly well-
developed gut with mouth and anus; on the other hand,in
the larva of Alcyonidium we have a stomach of yolky cells,
an almost occluded csophagus, and no intestine, whilst in
that of Bugula the whole mesoderm and endoderm is repre-
sented by a solid mass of cells. These larvee are developed
from yolky eggs and take in no nutriment during their free
life. I hold, therefore, that Heider® is perfectly justified in
his statement that the ancestor of the Ccelenterata was “a
ciliated, oval, free-swimming form, in which by invagination
at the posterior end an archenteron was formed.”

Lankester’s view finds its chief support in the development
of Geryonia. In fact, this form is the only known one in
which such a process as he supposes to have taken place in
the blastula ancestor appears in the ontogeny. Are there any
reasons for regarding the development of Geryonia as specially
primitive ? I think we may fairly say none; but that on the
contrary it shows manifest signs of its secondary character ;
the egg is yolky, and the development proceeds directly to the
medusa form, the hydra form being suppressed. The most con-
clusive argument, however, against Lankester’s hypothesis is
that on his assumption the cavity of the blastosphere is identical
with the cavity of the future gut. Now all recent investigations
have gone to show that the blastoceele is the rudiment of the

1 ¢Lehrbuch der Ver. Emb.,” vol. i, p. 81.
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blood system, and has no connection with the gut whatever. In
many Cecelenterates the stage of the hollow blastosphere is
missed out, and segmentation results in a “ morula ” of which
the external layer is the ectoderm and the rest endoderm. I
think we must imagine that in the development of Geryonia
the shortening process has gone one step further, and that as
a result of segmentation we reach at once the stage of the
hollowed-out planula.

Sedgwick’s hypothesis was suggested from a study of the
embryos of Peripatus capensis. Their developmental his-
tory is, however, the very last place where one ought to seek
for indications of the ancestral meaning of the earlier stages
—at any rate if Sedgwick’s own hypothesis as to the significance
of the embryonic phase be correct. All species of Peripatus
so far as is at present known are oviparous; in Peripatus
Nova-Zelaniee, however, the eggs are large and yolky, and
the development conforms to the ordinary centrolecithal type
80 characteristic of Arthropods—the peculiarities of which we
have described above. In Peripatus capensis nutriment is
supplied by the wall of the oviduct, and the yolk has in large
measure disappeared, at any rate its more solid portions; but
the development still bears the impress of centrolecithal seg-
mentation, i.e., in the imperfect definition of the blastomeres.
It is obvious one might with equal justice expect to find
information as to the character of the ancestor of Metazoa in
the eggs of mammals.

Let us now briefly rehearse the conclusions to which the
foregoing discussions seem to point. The earliest well-marked -
larval stage which we have discovered is the blastula—a sphere
of uniformly ciliated cells. This “ animal Volvox,” as Huxley?
calls it, may be regarded as a protozoon colony, not in the
sense of consisting of independent units any more than does
Volvox, but rather in the sense of being built up by the repeti-
tion of a unit as a result of what Lankester? calls “eumero-
genesis,” just as is the colony of a Hydromedusan. At first all

1 ¢ Anatomy of Invertebrates,’ p. 678,
2 Art. “Hydrozoa,” ¢ Encyel. Brit.’
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elements in the blastophere were alike in structure and func-
tion. Later, however, coincidently with its acquiring the
capacity for moving in a definite direction, a change would take
place : the form first became elongated, and it is interesting to
observe that the free-swimming blastulas of both Echino-
cyamus and Eudendrium have this form ; then the cells at the
posterior end, being least favorably situated with regard to
promoting the locomotion of the colony, and best situated for
seizing food particles, since they are in a kind of backwater
from the eddies produced by the ciliary motion of the rest,
would become specially digestive; increase in their number
could only take place coincidently with invagination if the
form of the colony were to be preserved and at the same time
the digestive cells were to remain in contact with the sur-
rounding medium—and thus we have the archenteron formed.
The cells at the anterior end, on the contrary, are in the best
position for receiving stimuli from the outer world ; and here
we should expect the first sense-organ to appear, and it is just
at this spot that we find the larval sense-organ of Conatula
with its associated nervous tissue, and the still more primitive
sense-organ of the Echinocyamus larva, this latter consisting
of a thickened patch of ectoderm bearing stiff cilia, which take
no part in locomotion. In the same place the apical plate or
larval brain of the Trochophore is found, also bearing cilia or
more probably sense hairs.

Metschnikoff’s! great objection to regarding invagination as
the primitive method of forming the endoderm was that the
blastopore sometimes became the mouth and sometimes the
anus. Sedgwick’s suggestion, however, that mouth and anus
were differentiated from a slit-like blastopore, seems to answer
this difficulty. That a slit-like opening can be represented
by two independent perforations is shown by Echinoderm
development. Thus in Holothurians the larval mouth by a
shift of position becomes the adult ; in Asterids and Echinids,
on the other hand, it is represented by a totally new perfora-

! “Vergleichend Embryologische Studien. (8) Uber die Gastrula
Einiger Metazoen,” ¢ Zeit. fir wiss. Zool.,’ Bd, xxxvii,
vOL. 87, PART 3.—NEW BEE, Z
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tion. No one can suppose that the ancestral form gave up
its old mouth and developed a new one; the change was one of
size and relative position only. We must assume that the
original mouth was a wide one, and that part is utilised by the
larva and aborted in the adult.

The ceelom, as we have seen, arose as a specialised portion
of the gut.

It is to be observed that the history we have just sketched
is in accordance with that rule which seems to hold in all cases
where we can by means of comparative anatomy show with
reasonable probability that evolution has occurred, viz. that
new orgaus never arise de'ndvo, but by the differentiation of
older organs. This rule seems, however, to me to be violated
by supposing that either archenteron or ccelom arose as a
split in a solid mass of cells. The history affords also an
explanation of that rigorous separation of primary and secondary
body cavities, the blastoceele or heemoceele, and the ccelom,
which all recent research has tended to emphasise. The first
is, in fact, morphologically inside and the second outside the
primitive blastosphere.

Lastly, the conception of the primitive metazoon as a colony
of Protozoa is in accordance with that repetition of similar
parts on which Bateson! has laid so much stress as one of the
most marked characteristics of living things. We should
recall also the high individuality acquired by colonies of
Siphonophora, Polyzoa, and Ascidians,

1 ¢ Materials for the Study of Variation,” W. Bateson, Cambridge, 1890,
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On the Origin of Metameric Segmentation and
some other Morphological Questions.
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Adam Sedgwick, M.A,,
Fellow and Assistant Lecturer of Trinity College, Cambridge.
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IN the following pages! certain hypotheses with regard to
the evolution of segmented Triploblastica (Annelida,
Arthropoda, Vertebrata), and some apparently unseg-
mented forms (Mollusca Brachiopoda, Sagitta, Balano-
glossus) are suggested and discussed,

I have found it convenient to consider the Vertebrata speci-
ally in the latter part of the paper, because of the very pro-
nounced views which are held at the present day with regard to
their evolution.

The paper is divided into two parts. The first part deals
with the evolution of certain organs; the second part with the
evolution of the groups mentioned and especially with that of
the Vertebrata.

My hypothesis concerning the origin of metameric segmen-
tation has been in a sense anticipated by Lang. He regards
the somites as derived from gut pouches such as are found at
the present day in Turbellarians. It should be remembered
that according to his view, the Turbellaria are specialised
Ccelenterates. My view of the origin of Somites differs from

1 A short acoount of the main points of this paper was communicated to
the Cambridge Philosophical Society in November, 1883, and published in
vol. v of the ¢ Proceedings’ of that Society.
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his in taking a simpler diploblastio form as the starting point
for all the Triploblastica discussed.

Hubrecht in his recent paper on the * Ancestral form of the
Chordata > has explained Lang’s views and instituted some
important comparisons between Vertebrates and Nemertines.
I differ, however, from Hubrecht in taking a simpler form as
my starting point.

I have purposely refrained from referring to the Turbel-
laria and other flat worms in this essay, because I cannot
make up my mind as to whether they are degenerate Entero-
ceela or highly specialised Ccelenterata (without a separated
ceclom). I am, however, very much inclined to the view that
they are degenerate Enteroccela.

I bave also avoided discussing the Echinoderms because,
while their early development is easy to understand, the later
stages and metamorphosis are not so intelligible.

My hypothesis with regard to the origin of the mouth and
anus has, so far as I know, not been suggested before. I agree
with Heckel in regarding the blastopore as homologous with
the primitive mouth of the gastraea.

I have attempted to explain the peculiar behaviour of the
blastopore in a general way, in the first part of my paper. In
the second part I again consider this question in connection
with the Vertebrate blastopore. I dissent most strongly from
the view that the Vertebrate mouth and anus are both secon-
dary perforations, and not homologous with those of Inverte-
brates, e. g. Annelids. I regard them both as homologous with
the corresponding structures in the other Triploblastica dis-
cussed.

But I have not been able to do justice to this part of my
subject. I could only do so by reviewing critically the exten-
sive literature on this subject, and by making a special investi-
gation of the behaviour of the blastopore in animals with a
prolonged larval life, and of the structures classed as primitive
streaks, and this I have unfortunately been unable to do. I
think that any such investigation would have valuable results.

I agree with Balfour in his view that the “ concrescence ”
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theory of the growth of the Vertebrate embryo is untenable.
It seems to me that the advocates of that theory have mixed
up three distinct embryonic structures, the mesoblastic bands,
the primitive streak, and the ridges of the medullary groove.

The primitive streak is in most forms at first a median
structure. 1 agree with the current view as to its nature as a
rudiment of the blastopore, and I suggest a reason for its
persistence.

I ought particularly to mention that I regard the Annelid-
origin of the Vertebrata and Arthropoda as untenable. This
will be obvious to anyone reading the following pages.

I offer no suggestion as to the phylogeny of Mesoblast. I
agree entirely with the current view that it has arisen from
both of the primary layers.

Mesenchyme is obviously merely precociously developing
mesoderm, and is particularly developed in free larvee.

Finally, I may add that I do not put forward these hypo-
theses in a dogmatic spirit, and that I fully recognise that
theories dealing with the complicated facts of morphology can
only have in most cases a very temporary value. The main
idea of the comparisons discussed below first occurred to me
some years ago, when investigating the development of the
Vertebrate excretory organs; but they have received such
striking confirmation from Hatschek’s work on Amphioxus, and
more recently from a study of the embryo of Peripatuscapen-
sis, that I have at length decided to publish them, hoping that
they may at least excite criticism and so lead to the increase
of our knowledge, and to the greater definition of our ideas.

In the discussion which followed the communication of the
late Professor Balfour’s notes and drawings of the early
embryos of Peripatus Capensis, to the Royal Society
(December, 1882), I drew attention to the great resemblance
between the embryo of P. Capensis with its elongated blasto-
pore and somites, and an adult Actinozooid polyp. I
pointed out that the comparison of these two structures sug-
gested an explanation, which so far as I know has not before
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been suggested, of a great morphological difficulty, viz. the
origin of metameric segmentation (vide ¢ Nature,” December
28th, 1882). At the same time I pointed out that by follow-
ing up this comparison some other morphological difficulties
received an explanation.!

The hypotheses I suggested were shortly as follows ;

1. The mouth and anus found in most of the higher groupe
(Vermes, Mollusca, Arthropoda and in all probability
Vertebrata) have been derived from the mouth of an ancestor
common to them and the Ccelenterata ; i.e. from an elongated
opening such as is found at the present day in the Actinozoa.

2. That the somites of segmented animals are derived from
a series of pouches of the primitive gut (archenteron) of a
Ceelenterate-like ancestor, i.e. from pouches generally resem-
bling those found at the present day in Actinozooid polyps
and Medusee.

That the exoretory organs or nephridia (segmental organs)
of the higher animals are derived from specialised parts of
these pouches which were in the supposed ancestor, as indeed
they now are in many living Medus® and Actinozoid
Polyps connected peripherally with each other by a longi-
tudinal canal (circular canal of M edusse, perforations in mesen-
teries of Actinoxoa,) and with the exterior by a pore* one
for each pouch; further, that in the Invertebrata, e.g.
Annelida, the longitudinal canal has been lost and the external
pores retained, while in the Vertebrata the longitudinal
canal (segmental or pronephric duct) has persisted and

1 Mr. E. B. Wilson, who was present when this discussion took place at
the Royal Society, and to whom I subsequently at Cambridge showed the
specimens and drawings of the Peripatus embryo, informe me that the work
(referring to Polyps) which he has since done at Naples bas enabled him to
give some additional evidence in favour of my views. As Mr. Wilson’s
observations are not yet published, I am unable to quote them here; but he
informs me that his paper is in the press, and will shortly appear in the Naples
¢ Mittheilungen.’

? Vide Hertwig, ‘Organismus der Mcdusen,” p. 39; and * Actinien,”
¢ Jena Zeitschrift,’ Bd. xiii.
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retained its posterior opening into the alimentary canal while
the external pores have been lost.

I now add to these three propositions a fourth.

4. That the traches are not developed from cutaneous glands
of a worm-like animal with well-differentiated mesodermal
tissues (a view which on physiological grounds is hard to
accept) but are rather to be traced back to simple ectodermal
pits in the two-layered ancestor developed for purposes probably
of aeration and represented at the present day in the Cecelen-
terata by the subgenital pits of the Scypho-meduse, in the
embryos of Arthropoda by the pits into the cephalic ganglia,
and in the Vertebrata by the canal of the central nervous
system.!

The essence of all these propositions lies in the
fact that the segmented animals aretraced back
not to a triploblastic unsegmented ancestor but
to a two-layered Ce:lenterate-like animal with a
pouched gut, the pouching having arisen as a result
of the necessity for an increase in the extent of the
vegetative surfaces in a rapidly enlarging animal
(for circulation and nutrition).

The hypotheses are based upon the embryonic development
of the respective organs in the Triploblastica and the structure
of the living Ccelenterata; in other words, upon facts precisely
of the same nature as those which ‘have been used in tracing
the evolution of the nervous and muscular tissues.

Before proceeding to discuss the facts upon which the hypo-
theses rest, I may be permitted again to point out that it is no
part of my view to derive segmented animals direct from the
Ccelenterata, but to derive both Ccelenterata and segmented
animals from a common Ccelenterate-like ancestor, whose
structure can only be elucidated by studying the anatomy and
the development of the living Ccelenterates, and of the higher
segmented animals.

1 Sedgwick, “On the Original Function of the Canal of the Central
Nervous System of the Vertebrata,” ¢ Proc. of Cambridge Phil. Soc.,’ vol. iv.
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On taE HowMorocy or THE MOUTH AND ANUS WITH THE
MovurH or THE CELENTERATA.

It will be generally admitted that the mouth and anus of
the Annelida, Arthropoda, and Mollusca are homologous struc-
tures—i. e. that the mouth of an Arthropod is homologous
with that of an Annelid, and with that of a Mollusc, and that
the anus in each of these groups is homologous with the anus
of the other groups. It is well known that the blastopore in
these groups presents considerable differences in its relation to
the mouth and anus. In one form it is directly converted into
the mouth, in another into the anus; while sometimes it
entirely closes up and gives rise to neither (for summary of
facts vide Balfour ¢ Comp. Embryology,’ vol. ii, pp. 281, 282).
This variability, in the fate of the blastopore was first pointed
out by Lankester.! It is very puzzling, and has led some
morphologists to regard it as a structure which is not homolo-
gous in the different animals, and of no particular phylogenetic
significance. It seems to me, however, that a little considera-
tion shows that this view of the blastopore must be given up,
and that there are very strong grounds for regarding the
blastopore as homologous in every case,? and also as omologous
with the mouth of the Ccelenterata. Before proceeding to
discuss the main point of this section of my paper, I must
definitely examine this question about the blastopore.

On the Blastopore.—Either the blastopore has an ancestral
meaning or it has not. It seems to me that we have no right
to assume that this or any other embryonic structure or process
is without a phylogenetic significance until all other views
have been shown to be untenable.

Itis often said when any peculiar embryonic process is discussed

1 % QOn the Coincidence of the Blastopore and Anus in Paludina.” This
Journal, 1876. .

* It must be distinctly undersiood that the only groups referred to in the
following paper are the Vertebrata, Annelida, Arthropoda, Mollusca, Balano.
glossus, Brachiopoda and Sagitta. For the present, 1 leave the Platyelminthes

and Echinoderms out of consideration, The special case of the Vertebrata
will be considered in Part II.
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from a phylogenetic standpoint that it is only the way in which
the animal develops, and that it is waste of time to attempt to
explain it. I cannot agree to accept such a view of any embry-
onic fact. If thereis anything in the theory of evolution, every
change in the embryo must have had a counterpart in the history
of the race, and it is our business as morphologists to find it out.

I wish to point out that I am not discussing how the gas-
trula arose. I take as my basis the undoubted fact that gas-
trulee have existed, and I am trying to show that a two-layered,
gastrula-like animal was the ancestor of most living Metazoa.

1 must, therefore, reject the view that the blastopore has no
ancestral meaning.

What, then, is its ancestral meaning ?

It seems to me that there is very strong evidence for the
view that it is homologous with the mouth of the Ccelenterata.

In the first place the Cceelenterate mouth either arises as a
result of invagination, the blastopore remaining as the mouth
(Cereanthus, Pelagia), or as the result of perforation. In the
Triploblastica similarly the blastopore either arises as a result
of invagination or as a perforation. The method of develop-
ment, therefore, coincides, and we thus have a strong reason
for regarding them as homologous.

The second important point to be examined in determining
homologies is the relation to other important structures. The
relation of the Caelenterate mouth and the blastopore to the
alimentary canal and the nervous system can in most cases be
determined ; and in all cases in which it can be so determined,
it is the same,

(1) The Ceelenterate mouth and the blastopore resemble each
other in being the main communication by which the archen-
teric cavity or its rudiment communicates with the exterior.

(2) They resemble each other in always being perforations
of the neural surface of the body.

With regard to the first of these agreements nothing need
be said; it is a fact of little importance, as there are many
other channels in the Ceelenterata through which the archen-
teron communicates with the outer world. The second agree-

B
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ment is of great importance; but before it can be of any value
to us, we must be able to decide whether the neural surfaces of
the Ccelenterata, Annelida, &c., are homologous. It will be
generally admitted that the nervous systems of the Annelida,
Arthropoda and Mollusca are built upon the same type; and
that the ventral surface of the body is homologous in each of
these three groups. The late Prof. Balfour put forward the
hypothesis that the nervous system of these types was homo-
logous with that of Ccelenterata. He says:

¢ In the first place it is to be noted that the above specula-
tions render it probable that the type of nervous system from
which that found in the adults of the Echinodermata, Platyel-
minthes, Cheetopoda, Mollusca, &c., is derived, was a circumoral
ring, like that of Meduse, with which radially-arranged sense-
organs may have been connected; . . . . Its anterior
part may have given rise to supra-eesophageal ganglia and organs
of vision; these being developed on the assumption of a
bilaterally symmetrical form, and the consequent necessity
arising for the sense-organs to be situated at the anterior end
of the body. If this view is correct, the question presents
itself as to how far the posterior part of the nervous system of
the Bilateralia can be regarded as derived from the primitive
radiate ring.

“ A circumoral nerve-ring, if longitudinally extended, might
give rise to a pair of nerve-cords united in front and behind,
—exactly such a nervous system, in fact, as is present in many
Nemertines (the Enopla and Pelagonemertes), in Peripatus and
in primitive molluscan types (Chiton, Fissurella, &c.). From
the lateral parts of this ring it would be easy to derive the
ventral cord of the Chetopoda and Arthropoda. It is especially
deserving of notice, in connexion with the nervous system of
the above-mentioned Nemertines and Peripatus, that the com-
missure connecting the two nerve-cords behind is placed on the
dorsal side of the intestines. As is at once obvious, by refer-
ring to the diagram (fig. 281 B), this is the position this com-
missure ought, undoubtedly, to occupy if derived from part of
a nerve-ring which originally followed more or less closely the
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ciliated edge of the body of the supposed radiate ancestor.”
¢ Comparative Embryology,’ vol. ii, pp. 311, 812.

It seems to me that nothing can be added to make the case
stronger. I only wish to make one addition to the hypothesis,
and that is that the type of nervous system from which that of
the above-mentioned groups has been derived was a broad
ring round the mouth, in fact, more resembled the nervous
system of Actinia in its general diffusion over the oral surface
than the compact ring of the Medusa ; the latter being a highly
specialised part of this generalised nervous system, which has,
however, in part persisted in the subumbrella plexus of ganglion
cells described by Schafer and Claus. If this hypothesis is
correct, i. e. if it be true that the oral surface of a Ccelenterate
is homologous with the ventral surface of the mentioned groups ;
and if the nerve-ring of the Medusa, the nerve-ring of
Peripatus, the nerve-ring and general ventral nervous plexus
of Chiton and Proneomenia, the cerebral ganglia and ventral
nerve-cords of other Mollusca' and Annelida and Arthro-
poda are all derived from a general peri-oral nervous system
of a Ceelenterate-like ancestor, then the relation of the blas-
topore to the nervous system is the same in the Annelida,
Arthropoda and Mollusca and the same as that of the
mouth of Ccelenterata.

With these facts before us, vis. similarity in development and
in relation to other important structures, I think we can hardly
doubt the fact that the blastopore in the cases mentioned and
the Ceelenterate mouth are homologous structures.

In the above discussion I have avoided referring to the ulti-
mate history of the blastopore. The fate of the blastopore in
the Tripoblastica is extremely variable, and it is this variability
only which has caused the homology ever to be doubted.

But I think we have here two distinct questions: one deals
with the blastopore or mouth of the two-layered stage in

1 The absence of the connection dorsal to the anus in some Mollusca,
Annelida, and Arthropoda, will not I think be regarded as a fact of any
importance if the hypothesis be accepted with regard to the nervous system of
Peripatus and Chiton.
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embryonic development and asks whether that stage has a
counterpart in evolution; the other deals with the subse-
quent development of the blastopore and asks whether
that subsequent development throws any light on the evolution
of the mouth and anus.

But at the same time I must admit that the fate of the blas-
topore is so peculiar, that the doubts which on that account
have been expressed as to its phylogenetic meaning are not
unreasonable. The case stands thus. The blastopore in
Serpula gives rise to the anus; in most other Cheetopoda to
the mouth ; similarly in the Mollusc Paludina it becomes the
anus, while the general rule among Mollusca is that it should
become the mouth. It would seem to follow from these facts,
as Lankester has already pointed out, that if the blastopore is
in each case homologous, then the anterior end and mouth of
Serpula must be homologous with the posterior end and anus
of other closely allied Chwmtopods. This is manifestly absurd.
There are two ways out of the difficulty; either the homology
of the blastopore must be given up, or we must suppose that
primitively it gave rise to both mouth and anus, and that its
specialisation as a larval organ has caused the
variability of its subsequent history. The latter view
is obviously suggested by the elongated form the blastopore
first assumes in many animals, extending as a slit along the
whole of the ventral surface of the embryo.? The blastopore
never retains for long this form, but soon becomes specialised
to a round opening, the definite blastopore,® by the closure of
the lip of the slit except at one point. The point at which it
remains open must depend on the shape of the larva, &c., and
will obviously be determined by the convenience of the larva.

This hypothesis that the mouth and anus of the Triploblas-
tica is derived from a single opening, represented in living
animals by the Ccelenterate mouth and, on the assumption

3 This fact was first pointed out by Lankester, vide this Journal, vol. xvi,
1876, p. 326.

% A special name is ,wanted for this structure, to distinguish it from the
blastopore of the gastrula stage.
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(vide above p. 49) that the latter and the blastopere of
higher types are homologous, by the early blastopore (before
specialisation as the larval mouth) receives very strong support
from the actual structure of the Actinozooid mouth, and from
the newly discovered facts with regard to the history of the
blastopore of Peripatus capensis; and has the merit of
being on a priori physiological grounds easily conceivable.

Mouth of the Aoctinozoa.—In the Actinozoa the mouth-
opening is elongated, and the animal is symmetrical on each
side of the long axis of the mouth. At one end of the long
axis the mouth is especially differentiated, and this differentia-
tion extends down the stomodeenm as a strongly ciliated
groove called by Hickson? the Siphonoglyphe. The cilia
of this groove produce a current from without inwards, while
the cilia of the rest of the stomodeum work in the opposite
direction. This differentiation of the stomodezum is particu-
larly conspicuous in the Hexatinian Peachia, in which there
is a deep strongly muscular groove along the whole length of one
side (the so-called ventral side) of the stomodeeum (fig. 6, Si) ;
and the walls of the groove project at the mouth-opening beyond
the rest of the wall of the stomodeeum so as to form a semi-
circular lip conspicuous from the exterior at one end of the
long axis of the mouth.

The free edges of this groove are frequently united with each
other, so that the groove is converted into a canal open into
the general cavity of the body at the lower end of the stomo-
dseum, and to the exterior at the mouth-opening. This junc-
tion of the lips of the groove seems to be simply a case of
adhesion, as they may with very slight effort be separated
without tearing the tissue. When the groove is thus con-
verted into a canal there are obviously two openings into the
body of the polyp, one through the general opening of the
stomodseum, and the other through this highly differentiated
siphonoglyphe. According to Hickson (loc. cit.) the cilia
work in opposite directions in these two parts of the stomo-

1 ¢ Proc. Royal Soc.,” 1883.
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dzum, so that one may be regarded as a mouth and the other
as an anus.

I have not been able to make out what causes the adhesion
of the lips of the siphonoglyphe in Peachia (whether inter-
locking of cilia as in Lamellibranch gill or what), but of the
adhesion there can be no doubt whatever.

This differentiation of the mouth and stomodeum of
Actinozooid polyps has been known for some time. The
Hertwigs,! in their brilliant paper on the Actinozoa, sum-
marise the facts and point out that the elongated mouth when
closed has a dumb-bell shaped form, the median portion being
closed, and the two ends remaining open.

““ Wenn die Wandungen des Schlundrohrs an einander legt
sind und der Mund geschlossen ist, bleiben sie (the ¢ Schlund-
rinnen’) geoffnet und wird demnach ihre Bedeutung wohl
darin bestehen, dass durch sie fortwihrend ein Wasserstrom in
das innere des Korpers hinein getrieben wird  (p. 518).

In view of the hypothesis under consideration, vis. that the
mouth and anus of the higher animals is derived from an
elongated slit-like opening such as is found in the Actinozoa,
these anatomical facts are of the highest interest.

Blastopore of Peripatus.—The history of the blastopore of
Peripatus has been given up to a certain point in the last
volume (1883) of this Journal® The youngest embryo found
was a spherical or slightly oval gastrula with a slightly
elongated blastopore (fig. 1). In the subsequent growth the
embryo becomes elongated along the long axis of the blasto-
pore and the mesoblastic somites appear (fig. 2). The middle
portion of the lips of the blastopore then come together (fig. 8),
and in the next stage (fig. 4) there are two openings into the
mesenteron, an anterior and a posterior. Meanwhile, the
primitive streak (connected with the formation of the meso-

1 #Die Actinien,” ¢ Jena Zeitschrift,” vol. xiii, p. 513.

* The species of Peripatus which Dr. v. Kennel is working at is different from
that described in Balfour’s memoir. Dr. v. Kennel does not mention this
somewhat pertinent fact. Perhaps he was not aware of it; but if he was, I
find it difficult to understand the positive nature of his criticism.
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blast), which was present at the hind end of the blastopore in
the earliest stage (fig. 1), has become marked with a groove
(fig. 4). In the paper referred to, the question—Do these two
openings become the mouth and anus of the adult ?—was left
open. I am now in a position to state that they do become
the mouth and anus of an embryo of an age equal to the oldest
stage described by Moseley! in his original paper, so that I
think there can be no doubt that they do become the mouth
and anus of the adult.

Thus, then, we have two undoubted facts :

1. That the mouth of the Actinozoa is differentiated into
one portion for the exit and another for the entrance of
matter, and that this differentiation is carried so far as to
give rise to two separate openings (Peachia).

2. In the development of Peripatus capensis the single
opening of the gastrula elongates, then divides into two parts,
an anterior part which becomes the mouth, and a posterior
which becomes the anus of the adult.

The argument may here be briefly summarised :

1. The blastopore of Annelida, Arthropoda, Mollusca, and
the mouth of Ccelenterata are homologous because (a) of the
development (4) of the anatomical relations in each case.

2. The structure of the mouth of Actinia and the position of
the mouth and anus within the primitive nerve-ring, which is
supposed to be homologous with the circumoral nervous dif-
fusion of Actinia, obviously suggests the derivation of the
mouth and anus from a single opening like the mouth of
Actinia by the completion of the fusion which is there
beginning.

8. The blastopore of Peripatus, which by hypothesis is homo-
logous with the Ceelenterate mouth and with other blastopores,
actually passes through the Actinia phase.

Is this development primitive? If it is primitive, then as
the mouth and anus of Peripatus are homologous with those of
Annelids, my point is gained and we shall have to take the
second alternative (p. 52), and suppose that the peculiar

1 ¢ Phil. Trans.,’ 1874.
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behaviour of the blastopore in other cases is due to larval
specialisation.

The structure and distribution of Peripatus all point to its
being an extremely primitive type. We should, therefore,
a priori, expeot to find that its development showed primitive
features.

In the second part of this paper Ishall attempt to show that
the very variable behaviour of the blastopore is explicable.

It is hardly necessary to point out that the stomodsum and
proctodeeum are, on the above hypothesis, structures of purely
secondary importance, and that I am in agreement with
Balfour’s suggestion that the stomodeeum and proctodum
are not in all cases completely homologous. He says (‘ Comp.
Emb.,” vol. ii, pp. 285, 286), ““As a rule an oral and anal
section of the alimentary tract—the stomodsum and procto-
deum~—are derived from the epiblast ; but the limits of both
these sections are so variable, sometimes even in closely allied
forms, that it is difficult to avoid the conclusion that there is a
border land between the epiblast and hypoblast, which appears
by its development to belong in some forms to the epiblast and
in some to the hypoblast.” In other words, the development
of certain parts of the alimentary canal may be so much
delayed that they appear to arise from the epiblast.

This view is of special interest in considering the structures
classed together as primitive streaks. As is well known, these
structures are generally regarded as rudimentary parts of the
blastopore (Balfour, Rauber). I would go further and sug-
gest that it is an attempted development of that portion of the
alimentary canal of the original ancestor which gave off the
ceelomic pouches ; that the portion which is not wanted in the
development of simple larva of living animals is delayed, and
consequently modified. I shall discuss this question at
greater length in the second part of this paper.

I may conclude this part of my paper by describing briefly
the ideal ancestor of the Ceelenterata and Triploblastic groups
now under consideration, so far as the nervous system and mouth
is concerned.
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The Triploblastica and the Actinozoa are descended from a
common two-layered bilateral ancestor which possessed an
enlarged oral surface, an elongated mouth opening ;which by
the adhesion of its middle portion was functionally divided
into two openings, one at each end of the long axis of the
mouth. The nervous system was generally distributed on the
ectoderm all over the body, but was probably, as in living
Actinozoa, especially concentrated on the oral surface. This
type has persisted with certain modifications in Actinosoa, bat
in Peripatus and the other triploblastic forms under discussion
the primitive mouth has completely divided, the body has elon-
gated, and the nervous system has become especially aggregated
in a ring (as in Medusse) round the mouth and anus.

O~ THR ORIGIN OF MRTAMERIC SEGMENTATION.

It has for some time been recognised that the body cavity or
ccelom of the Triploblastica has been derived from diverticula
of the archenteron. Such diverticula have been known for
some time in the Echinodermata, Sagitta, Brachiopoda,
Balanoglossus, Amphioxus.

The development of the body cavity in Annelida, Arthro-
poda, Vertebrata, and other ceelomate forms without diver-
ticula has been supposed to be an embryonic abbreviation of
this primitive process. I may quote the following passages
from Balfour on this head.

“The formation of hollow outgrowths of the archenteron,
the cavities of which give rise to the body cavity, can only be
explained on the supposition that the body cavity of the types
in which such outgrowths occur is derived from diverticula
cut off from the alimentary tract. The lining epithelium of
the diverticula, the peritoneal epithelium, is clearly part of the
primitive hypoblast, and this part of the mesoblast is clearly
hypoblastic in origin. . . . There can be but little doubt
that the mode of origin of the mesoblast in many Vertebrata,
as two solid plates split off from the hypoblast, in which a
cavity is secondarily developed, is an abbreviation of the
. process observable in Amphioxus ; but this process approaches
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in some forms of Vertebrata to the ingrowth of the mesoblast
from the lips of the blastopore.

It is therefore highly probable that the paired ingrowths
of the mesoblast from the lips of the blastopore may have been
in the first instance derived from a pair of archenteric diver-
ticula. This process of formation of the mesoblast is (as may
be seen by reference to the sammary (pp. 291, 292), the most
frequent, including as it does the Chetopoda, the Mollusca,
the Arthropoda,” &c. (‘ Comp. Emb.,’ vol. ii, pp. 298, 294).

It has been supposed until quite recently that only one pair
of diverticula are developed (except in the Echinoderms and
Balanoglossus). But Hatschek has shown that in Amphioxus,
a very primitive and isolated animal, a series of diverticula are
formed, each diverticalum giving rise to a mesoblastic somite,
or, to put it in another way, that the lateral walls of the
archenteron become folded before the region of the archenteron
which they limit become separate from the central part of the
archenteron. Amphioxus is the only segmented animal in
which the body cavity is known to arise directly from archen-
teric pouches ; development of the ceelom in other segmented
animals being regarded as an abbreviation of a similar process.
Now, however, that we know that the body cavity of Amphioxus
is developed from a series of archenteric pouches, it seems to me
that we are justified in concluding on similar grounds that the
abbreviated development in other segmented forms is derived
from a similar process.!

So that the difference between a segmented and an unseg-
mented animal consists in this, that in the former the archen-
teric walls become more folded than in the latter and give rise
to a greater number of pouches, each of which becomes a
mesoblastic somite. This is exactly the difference between a
Hydra and a Medusa.

The similarity between the diploblastic Amphioxus embryo
with a pouched gut (pouches giving rise to the mesoblastic
somites) and an Actinozooid polyp or medusa suggests

1 This has been already pointed out by Hubrecht; see Hubrecht, ““On the
Ancestral Form of the Chordata,” this Journal, 1883.
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very forcibly the hypothesis that the mesoblastic somites of
segmented animals are derived from a diploblastic Ccelenterate-
like ancestor with folded gut walls, the folding having arisen
as a result of the necessity for an increase in the extent of the
vegetative surfaces in a rapidly enlarging animal.

I would venture, therefore, to suggest that Medusz,
Actinozoa and segmented animals are all derived from a
common diploblastic ancestor, the Gastrza; that as this
Gastrea increased in size it became necessary that some
arrangement should arise by which a proper circulation of the
nutritive matter to all parts of the body should be effected.
For this purpose the gut wall became folded in such a way as
to give rise to the radial and circular canals of Meduss; to
the mesenterial chambers (communicating peripherally by
mesenterial stomata) of Actinozoa, and to the pouched diplo-
blastic form from which segmented animals have arisen (I do
not mean to assert that the segmented animals are the only
animals which have arisen from a diploblastic animal with a
pouched gut ; vide below p. 60).

In a segmented animal the mesoblast is the first part of the
body to show segmentation. The rest of the segmentation is
moulded on the segmentation of the mesoblast. That is to
say, the segmented organs, primitively at any rate, correspond
in their segmentation with the somites. For each somite
there is the nephridium, nerve ganglion, &ec.

Supposing there is anything in the hypothesis I am putting
forward, vig. that the somites of segmented animals are derived
from gut pouches, which are homologous with the alimentary
pouches of Cecelenterata, then it ought to be possible to explain
on the same hypothesis the similar repetition of other organs.

In a segmented animal the following organs usually show
the same repetition as the mesoblastic somites; the external
appendages, the nephrida, the muscular system and the nervous
system.

In Ccelenterata, both in Meduss and Actinozoa—

(1) The tentacles correspond as a rule to the radial canals or
to the mesenterial pouches ;
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(2) In Meduss there are a number of pores leading from
the circular canal to the exterior, placed on the oral side of the
insertion of a radial tentacle, i.e. opposite & radial canal; in
Actinozoa there are a number of openings in the body wall,
putting the pouches in communication with the exterior (for
function and possible origin of these pores vide below, p. 62).

(3) In Meduss the circular striated muscles of the sub-
umbrella are interrupted by the radial canals (Hertwig) an
80 broken up into a number of segments.

(4) In Medusee there are sense organs which may be in
connection with special nervous aggregations (Acraspeda) at
the periphery of each radius.

In segmented animals—

(1) When segmented appendages are present (Arthropoda,
Polycheata) they are simply processes of the body wall con-
taining prolongations of the body cavity (Peripatus, embryonic
Arthropoda).

(2) The nephridia are essentially pores leading from the
body cavity to the exterior on the neural side at the base of the
appendage.

(8) The muscular system is sometimes broken up into bands
corresponding to the segments.

(4) The nervous system sometimes presents swellings, one
for each somite.

I further venture to suggest that the greater number of the
Triploblastica have arisen from diploblastic animals with a
pouched gut; that in some of these, in consequence of the form
taken by the body (elongation) and the consequent necessity
for jointing and the persistence and greater development of
the paired appendages, the body has become moulded, so to
speak on this primitive gut pouching, which has therefore left
its trace in the ‘“ segmentation ”’ ; that in unsegmented Triplo-
blastica, in consequence of the action of causes of an opposite
nature to those just mentioned, the pouches, after beecoming
separated from the gut, have become completely con-
tinuous with one another and left no traces. As a known
instance of the latter process I may mention Echiurus
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(Hatschek); in this animal (in the adult) most of the nephridia
have been lost, the three pairs which persist (two pairs of brown
tubes and anal vesicles) being enlarged and modified; the
gangliation of the ventral cord is lost and there are no traces
of the somites.

To sum up in a few words:—The Ccelenterata differ
from segmented animals only in the fact that the
alimentary or archenteric pouches (mesoblastic
somites) and the alimentary canal do not become
separate; and connected with this absence of a
distinct celom is the low state of differentiation
of such ceelomic structures as the excretory organs

-and the absence of a separate vascular system,

O~ tHE OgRiaIN oF THE ExcreTory ORGANS.

This part of my subject is so closely connected with the
preceding that it is difficult to separate the two.

I have already referred to the Hertwigs’ observations ! on
the marginal pores of Meduse and the einclides of Actinozoa.

Metschnikoff was, I believe, the first to observe these
marginal pores in Meduse, and he regarded them as excretory ;
in this view the Hertwigs concur.

There is, then, this common feature in the anatomy of the
Medusse and Actinozoa; they both possess peripheral pores,
putting the alimentary pouches in communication with the
exterior.

In the AcriNosoa they seem to have an irregular distribution
as tentacular pores and cinclides (vide Hertwig). In the
Meduss, however, they have a definite position, one pore for
each radial eanal.

It seems an obvious suggestion that in the less specialised
ancestors of Medusse and Actinozoa these pores were distri-
buted more or less irregularly as in the Actinozoa : that their
position was determined by the habits of life and form of the
animal. :

1 Vide Hertwig ¢Organismus der Medusén,” p. 89, and Hertwig, ¢ Die

Actinien.
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It is worth while trying to picture how sach pores may
have arisen. In the supposed ancestor the two layers of
the body wall were in more or less close apposition. The
animal had no vascular system, and only one more or
less differentiated opening, the primitive mouth. It would
obviously be convenient that the excretory products should
pass out as near as possible to the point where they were
formed, or that there should be some arrangement of ducts by
which they could be carried to the mouth opening. The latter
arrangement does not appear ever to have been developed in
the Ceelenterata, while the former arrangement is present, if
not in all, still in a great number of Medus® and Actinozoa.
My knowledge of the physiology of these low animals is not
sufficient to enable me to offer any hypothesis of how the pores
arose. But I may suggest that in the first instance the endo-
derm cells were of one kind only, whose function was to eat
(in an amceboid manner) the food swept into the body cavity
through the mouth opening, and to prepare soluble nutritive
juices which passed to the ectoderm. The excretion of
nitrogenous waste products must have been carried on by all
the cells of the body, inasmuch as there is no circulatory
system. The immediate undigestible remains or solid excreta
from the endoderm cells would be cast into the alimentary
cavity. Originally the latter must have been swept to the
mouth and so got rid of. As the animal enlarged in sige, and
no well-developed canal apparatus appeared by which these
solid waste products of the alimentary cavity would be directly
carried to the mouth opening, some of the endoderm cells at
the periphery of the animal became specially modified to eat
these products, and pass them through or between the ecto-
derm cells to the exterior. So a close connection became
established between the cells of the ectoderm and the endoderm,
which eventually led to the establishment of a pore, the
excretory pores. For an example of this kind of excretion
through the ectoderm, I may refer to Eisig’s ! observations on

V “ Die Segmentalorgane d. Capitelliden,” ¢Mitth, a. d. Zool. Stat. s.
Neapel,’ vol. i :
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the Capitellide, in which the excretory organs end blindly
against the ectoderm ; their products, therefore, must pass to
the exterior in some such way as I have suggested. If my
suggestion be correct, it follows that the excretory organs were
in their origin not specially organs for the excretion of nitro-
genous waste products (each cell of the body being in close
relation to the exterior did this itself) but for the riddance of
the undigested and solid excretory products ; and also that the
excretory process was in its origin an intra-cellular process, i. e.
temporary passages (amaba) were formed in the cells, through
which the solid products passed to the exterior. This latter
deduction is supported by the fact that in the higher animals
the first formed excretory organs of the larva (Hatschek,
Polygordius; Caldwell, Phoronis) have the form of delicate
ducts attached to and opening through the ectoderm and
ending in the body cavity, each in a simple cell ; i.e. they are
blind internally, and the excretory products in the body cavity
must pass through the cell to get to the exterior.

Whatever view may be held as to the origin of the pores,
the fact of their existence in the Diploblastica is undisputable.

At first irregularly arranged (a condition retained in Actino~
soa, but more markedly in Sponges), they soon acquired a
regular arrangement (Meduse), and on the differentiation of
the alimentary cavity into a digestive part (gut proper),
and a circulatory and excretory part (ccelom), they remained
in connection with the ceelom, which latter became again
differentiated into parts purely excretory and connected with
the pores (nephridia), and into the general vascular space for
the circulation of the nutritive fluids passed into it from the
endoderm cells.

Turning to the development of the excretory organs of the
higher animals, we find that in the Vertebrata they arise
as special parts! (not mere outgrowths) of the ccelom, and I
have no doubt that this will be soon shown to be the case for
the development of the Invertebrate excretory organs.

1 Sedgwiok, “ Development of Kidney, &o.,” ¢ Quart. Journ. of Mio. Sci,,’
vol. xx, 1880,
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Here, however, an apparent difficulty presents itself. In the
Vertebrata the excretory organs (which probably were primi-
tively segmental !) open not to the exterior direct, but into a
longitudinal canal which opens behind into the alimentary
canal ; while in the Invertebrata each of them opens direct
to the exterior.

As an explanation of this difficulty I suggest that in the
Vertebrate ancestors the primitive alimentary cavity acquired
a well arranged system of ducts, by which the peripheral
excretory matters were carried to the part of the alimentary
canal near the hind end of the primitive mouth (future anus),
that in consequence the excretory pores were not wanted, and
were either never developed or if developed lost. As confir-
matory evidence I may refer (1) to the circular canal of the
Medusee, which might easily be conceived transformed into the
Vertebrate segmental duct, the excretory organs themselves
being developed from the outer part of the radial canals; (2) to
the method of development of the anterior and least modified
part of the Vertebrate excretory organ. In the osseous fishes
and Amphibia the segmental or pronephric duct arises as a
groove of the body cavity, and is therefore a direct product of
the archenteric endoderm. In most Vertebrates the develop-
ment of the segmental duct is much meodified; but I pointed
out some years ago that we can only get an intelligible expla-
nation of the conuection between the excretory tubules and
the duct of the kidney by supposing that they originally
developed in continuity, both as specialised parts of the body
cavity, and that this method of development is repeated in the
case of the anterior part of the kidney of Ichthyopeida, and in
a more modified manner in the Amniota.

Turning to the Invertebrata, we find that the development
is not direct from the ccelom, but from solid masses of cells?®

! Elasmobranchs. For discussion of this question, vide Sedg wick, “ Early
Development of Wolffian Duct,” ¢ Quart. Journ. of Mic. Sci.,’ vol. xxi, 1881.

 Very various accounts are given of the origin of the Invertebrate ex
cretory organs. I reserve a critical examination of these facts until I have
worked out the development of the nephridia of Peripatus.
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derived from its walls. This may reasonably be explained in
the same way as I have attempted to explain in my paper
quoted above, the development of the hinder part of the
Amphibian kidney (modified larval development).
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Fie. 1.—Diagram illustrating the development of the excretory system of
Polygordius (from Balfour, after Hatachek).

The development of the excretory organs in Polygordius
(woodcut, fig. 1) as described by Hatschek, is explicable on my
hypothesis and so is confirmatory. The temporary longitu-
dinal canal, which at first connects all the organs, is obviously a
rudiment of the longitudinal duct found in the Vertebrata.
The presence of this duct indicates that in the diploblastic
ancestor of Polygordius, a system of canals was present in the
ceelom together with the excretory pores.

ON THE ORIGIN OF TRACHEZR AND GILL SLITs.

The view that traches are derived from the cutaneous
glands of a worm-like ancestor with a well developed middle
layer is beset with so many physiological difficulties that I
venture to suggest the following hypothesis, which agrees
equally well with what we know of the development of
tracheze.

Trachese had their origin, like the organs so far discussed, in
the diploblastic ancestor. In this ancestor they had the form

c
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of simple ectodermic pits developed for the purpose of aerating
those organs, whose position prevented their getting a sufficient
supply of oxygen from the external medium or from the water
circulating in the alimentary cavity. It must be remembered
that there was no vascular system in this ancestor, and that
therefore the living protoplasm of all parts of the body had to
obtain its oxygen directly from the external medium. This
method of aeration has persisted at the present day in certain
Medusez (sub-genital pits), in the Tracheate Arthropoda,
and has left its trace in the Vertebrata in the canal of the
central nervous system. ’

On this hypothesis the complicated distribution of traches
receives a physiologically satisfactory phylogenetic explanation.

The trachese were at first simple pits of ectoderm
in a diploblastic animal, and they gradually became.
more complicated and branched as the other organs
also became more complicated and folded.

The development of trachee fits in perfectly well with this
view.

The tracheal respiration is then a primitive method of res-
piration, which has persisted in but few of the Triploblastica.
It had its origin at a time before the vascular system was
developed, and its essence conmsists in the fact that the living
protoplasm takes its oxygen direct from the external medium.
On this hypothesis the central canal of the central nervous
system was a respiratory organ in a diploblastic Vertebrate
ancestor without a well developed vascular system.

As soon as the vascular system became well developed, and
the vascular fluid capable of carrying oxygen, the respiratory
organs became localised. A special localisation of traches is
found in the pulmonary sacs of the Scorpion. In other
animals external appendages have arisen. But in Verte-
brata, Balanoglossus, and Ascidians, the circulation of
water over the surface of the endoderm has been more deve-
loped. In the Diploblastic ancestor respiration was, as I have
stated, partly effected by water circulating in the alimentary
cavity. It entered by one end of the mouth and passed out
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partly through the other end, and partly through the excretory
pores of the alimentary pouches. Some of these alimentary
pouches became, on the development of a vascular system, spe-
cialised as respiratory organs and retained their communica-
tion both with the exterior and with the alimentary cavity.

Thus gill slits are serially homologous with nepbridia.
This view of their origin is entirely supported by their devel-
opment from pouches of the hypoblast of Vertebrate embryos,
and by the fact that the kidney system in Vertebrata does not
overlap them, but begins immediately behind them. A diffi-
culty to this view lies in the fact that the ccelom does overlap
the gill slits; but I think this difficulty is not a serious one
when we remember that the ccelom being originally a vascular
space had to extend in the region of gill slits as elsewhere, and
that this extension might easily have proceeded either from
the mesoblastic somite next behind the last gill pouch, or from
a compression of the body in this region so that many somites
(probably after separation from the archenteron) extended into
the region of the gill slits.

SuMMARY.

The hypothesis suggested in the preceding pages are all based
upon the gastrea theory, developed by Lankester and Heckel.
I take the gastrza as my starting point and do not inquire how
the gastreea itself arose. I first (p. 8 to p.17) by following
the gastrezea theory to its logical conclusion—and there seems
recertly to have been a disinclination on the part of some
morphologists to do this—attempt to show that the gastrza
mouth is not only homologous with the Ceelenterate.mouth,
but that the blastopore of the embryos of the Triploblastica is
homologous with the gastraza mouth, and therefore homologous
with the Ccelenterate mouth ; and, ﬁnally,' that if these neces-
sary deductions from the gastreea theory are correct, and it
should be noticed that the gastreea theory itself stands or falls
with them—it necessarily follows (from the consideration of
the Peripatus embryo) that the mouth and anus of the Triplo-
blastica are deriyed from the gastreea mouth, i. e. Ceclenterate



28 ADAM SEDGWICK.

mouth. I have pointed out that the blastopore in becoming
the larval mouth must have become highly specialised and
unable in most cases to repeat its ancestral history in the larval
development, and that the behaviour of the blastopore becomes
much more intelligible, though, I admit, not entirely so.! The
remainder of my hypotheses are simply following the lines of
the recent speculations on the origin of the nervous and
muscular tissue. My speculations, like these, are based (1)
on facts of Ceelenterate anatomy which have been mainly
brought to light by the magnificent work of the Hertwigs. (2)
On facts of embryonic development which have been for the
most part long known, but have recently been added to in an
important manner by Hatachek’s work on Amphioxus and
Balfour’s discovery.of the embryo of Peripatus capensis.
The object of my speculation has been to extend Balfour’s
theory of the Triploblastic nervous system to the remaining
systems of organs; in other words, I have attempted to show
that the majority of the Triploblastica (I confine
myself to the Annelida, Arthropoda Mollusca, Verte-
brata and certain small groups, e.g. Balanoglossus,
Sagitta, Brachiopoda) are built upon a common
plan; and that that plan is revealed by a careful
examination of the anatomy of Cceelenterata: that all
the most important organ systems of these Triplo-
blastica are found in a rudimentary condition in
the Ceelenterata; and that all the Triploblastica re-
ferred to must be traced back to a common diplo-
blastic ancestor common to them and the Ccelen-
terata,

1 T shall return to a consideration of the behaviour of the blastopore in the
second part of this paper.
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PART II.

ArrLicaATION OF THE aABOovE HvyPoTHESES TO THE VERTE-
BRATA, ANNELIDA, ARTHROPODA, MOLLUSCA, AND CERTAIN
SMALLER GROUPS.

Fig. 7 represents a diagram of the ideal ancestor of all the
above-mentioned Triploblastica. It closely resembles the
common ancestor of the Ceelenterata but may be supposed a
little more advanced in specialisation. For instance, the peri-
pheral excretory pores (0) have a regular arrangement. This
animal is supposed to have a bilateral symmetry shown in the
gut pouches and in the excretory pores. It is supposed to
have an elongated mouth partly differentiated into two parts,
and the nervous system is generally diffused over the oral
surface (which will henceforth be called the neural surface)
with a tendency to specialisation into a narrow tract.

This ideal ancestor soon gave rise to two stocks, the first
differences between which may be supposed to depend on the
shape of the body.

In the one stock the mouth and anus (which soon became
separated) remain on the neural surface, a preeoral lobe was
developed on the abneural surface of the body (fig. 12) ; this
preeoral lobe being carried first in movement became specially
sensitive and the nervous system largely developed.

This stock is the Invertebrate stock. The prworal part of
the nervous ring in consequence of the shape the body has
taken becomes enlarged and sense orgaus largely developed in
connection with it. The hinder preeanal parts of the nervous
ring have more or less approximated to each other, and are con-
nected by commissures and become swollen at intervals where
many nerves pass out to the locomotive organs (appendages).
The postanal part of the ring becomes weak and often dis-
appears, never having more than a commissural function
(absence of nerve-cells in postanal connection of lateral nerve
trunks of Peripatus, vide Balfour on Peripatus ca-
pensis).
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With regard to the endodermal organs the alimentary
pouches have lost not only their connection with the alimentary
cavity and now constitute mesoblastic somites (fig. 8), but
have also lost their peripheral connection with each other.
The excretory pores persist and the part of the somites near
the pore becomes developed into the nephridia.

In the other stock the body assumed a different shape, in
consequence of which the mouth and anus became terminal(vide
fig. 18, ideal). A projection overhanging the mouth then ap-
peared on the neural surface and gave rise to a neural preeoral
lobe (fig. 14.) The praoral and postanal part (N! and N2) of
the nervous ring soon became inconspicuous and vanished. (It
must be remembered that the nervous system of this stage of
evolution was little, if at all, more developed than that of living
Actinozoa.) This is the stock of the Vertebrata and Balano-
glossus. The part of the primitive ring immediately behind
the mouth is the most important in this stock; it is placed
at the anterior end of the body, and therefore enlarges and
develops sense organs. (Fig. 14.)

With regard to the endodermal organs the pouches have
- become differentiated into two kinds :

(1) Anteriorly a certain number retain their communication
with the exterior and with the gut. (Fig. 10.)

(2) The majority, however, lose their connection with the
gut and with the exterior, but remain connected by the peri-
pheral canal, which behind retains (by means of a pouch?) its
communication with the gut.

(8) A posterior pouch loses its connection with the gut and
with the longitudinal canal, and gives rise to an abdominal
pore.

The first group of pouches become the gill slits, the
second become the ccelom, while part of each of them
become differentiated into nephridia which opens into the
longitudinal canal (pronephric or segmental duct). The last
pair of pouches gives rise to a part of the ceelom and retains
ts connection with the exterior as an abdominal pore.

The farther evolution of the Invertebrate Stock.—Paired
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processes of the body wall (fig. 10), into which the cavities of
the somites were continued are present (generally homologous
with tentacles of Ccelenterata which correspond with the
mesenterial chambers or radial canals). These become specially
locomotive, and consequently muscular; hence the swellings
(ganglia) on the nerve cords, each swelling corresponding to
appendages, i. e. to a;somite. -

The :septa between the pouches have more or less broken
down, so that the ccelomic spaces become connected; the
dorsal or ventral mesentenes, both or one of them, llkevme
break down. . ‘

* Sometimes the appendagee vanish (G ephy rea, Mollusca),
the gdnglionic swellings then disappear, and the only trace in
the adult of the embryonic segmentation is seen in the
nepbridia. Many of these must, however, have vanished
(according to Hatschek’s account of development of Echiurus),
and two or three or four pairs have become enlarged and alone
persisted. It is interesting to notice the differentiation of the
persisting nephridia in the Gephyrea into the brown tubes,
which act as excretory organs and_generative ducts, and the
anal vesicles. . This differentiation of the nephridia of different
parts of the body is carried, as we shall see, much higher in
the Vertebrata, In the Mollusca the disappearance of the
somites has gone even further than in the Gephyrea, and the
celom has become much modified. In Nautilus, however,
a trace of the original segmentation persists in the nephridia
and vascular system. |

The development of Sagitta indicates that it is derived from
an ancestor with three pairs of pouches, two of which retain
their external pores (generative orifices). The Brachiopoda
I at present leave out of special consideration.

Thus, the number of pouches (segments) in the Tripo-
blastica varies in different cases, just as do the alimentary
diverticula of the Actinozoa.

The further evolution of the Vertebrate Stock.—The central
nervous system which is almost entirely derived from that part
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of the primitive ring intervening between the mouth and anus,
unites more or less completely across the middle line.

It and the superficial epiblast with which it is in connection
become grooved ; the groove becomes deepened and converted
into a canal open close to the mouth in front and close to the
anus behind (fig. 15).

The function?® of this canal at this stage (the siphon stage)
I have elsewhere discussed and ventured to suggest that it was
in the main respiratory. (For the embryological counterpart
of the siphon stage, see below, p. 75.)

It is important to notice that the nervous system of the
Vertebrata becomes removed from the surface in quite a dif-
ferent way to that which obtains in the Invertebrata. In the
latter it becomes removed from the surface by the ingrowth of
mesoblastic tissue between it and the superficial layer in con-
nection with which it arose. In the former, on the other hand,
it never separates from the superficial epiblast from
which it arises. The latter is involuted with the nervous
mass and persists through life as the lining of the caunal of the
Vertebrate nervous system. This fact is of great importance in
speculating on the origin of the Vertebrata, for it shows that the
Vertebrate stock is a very primitive one, and must have sepa-
rated from the Invertebrate stock before the nervous system of
the latter separated from the epidermis.?

It will be observed that in consequence of the development
of the preeoral lobe (fig. 15 not marked enough), the mouth has
become placed on the other side of the body, i.e. on the
abneural side, and the neural canal has to bend towards this
surface (the future ventral surface) in order to open into the
mouth.

The water which was attracted by the ciliary movement

! For a discussion of the function of the canal at this stage, vide Sedge-
wick, “On the Original Function of the Canal of the Central Nervous
System of Vertebrata,” ¢Proceedings of the Cambridge Philosophical Soc.,’
vol. iv.

* This fact also holde for the cerebral ganglia of Peripatus; the invagina-
tions of ectoderm become constricted off, and their cavities persist throughout
life in the ventral protuberances of the brain.
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divided at the anterior opening (fig. 15) into two streams, one
of which passed through the mouth into the alimentary canal,
while the other passed through the neural canal.

There was probably an olfactory sense organ developed from
the epiblast close to the front end of the neural canal over
which this water rushed.

The anterior convex wall of the neural canal now becomes
bulged out forwards, and gives rise to a large anterior lobe,
whose cavity opens behind into the neural canal, close to its
opening into the mouth (fig. 16). This anterior lobe carries
with it the olfactory epithelium, which, however, remains in
connection with the mouth by grooves or canals. It becomes
bi-lobed and transformed into the cerebral hemispheres of
living Vertebrates.

The neural canal now closes both in front and behind, and
assumes some other function than that of respiration. Behind
the closing leaves no trace, while in front remains of the con-
nection are seen at the present day in the infundibulum, and
in the pituitary body.

It will be evident from the above hypothetical account of the
origin of the Vertebrata, that I believe that the mouth and
anus of the Vertebrata are homologous with the corresponding
structures in the Invertebrate segmented animals. I have
stated above, that I suppose that the blastopore of the Verte-
brata is a specialised larval structure derived from the primitive
mouth of a two-layered ancestor. It will be obvious also, that,
according to my view, the position of this primitive mouth
coincided with the middle line of the dorsal surface of the
Vertebrate embryo, and that supposing it persisted in its
primitive form in the embryo until the adult mouth and anus
were formed, it would appear as a slit extending from the
mouth anteriorly and ventrally round the front end of the
head, along the whole surface of the medullary groove to the
primitive streak round the hind end to the ventrally placed
anus.

In the first part of this essay which deals with the blasto-
pore, I have attempted to show that the mouth and anus of
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segmented Triploblastica are in all cases derived from a primi-
tive single mouth ; that this primitive mouth is represented in
the embryo by the blastopore which should, if the phylogenetic
development were repeated, give rise direetly to the mouth and
anus. I explained the fact that the blastopore so rarely does
give rise to the mouth and anus by supposing that it became
specialised as a larval } structure. My view .is that in those
animals in which it does not give rise to the mouth and-anus,
it functioned as the larval mouth while the animal was devel-
oping, and persisted until parts of the embryo were developed
between it and the position of the 4mou.th and anuos of the
adult, which parts had arisen in the phylogenetic history in the,
adult after the primitive mouth had completely divided into
the mouth and anus. These parts never had been traversed by
the original slit-like ‘mouth, because they had appeared at a
stage in evolution subsequent to the stage in which the mouth
and anus were one. It cannot therefore be a matter of
surprise if the blastopore does not elongate and bisect these
later structures, which never had in the history of the animal
been perforated by the bldastopore. It is very difficult for me
to express my meaning in clear language, and I am driven to
take an instance to illustrate it. According to my view the
cerebral hemispheres have appeared at a stage in the, evolution
of the Vertebrata long after the primitive mouth has become
separated into the mouth and anus. The blastopore (primitive
mouth), however, which has in some ancestral Vertebrate
functioned for a considerable time in the larva as the only
opening into the alimentary canal, persists and does not elongate
to give rise to the mouth and anus which are not formed until
after the cerebral hemispheres have appeared. It is now no
longer possible, nor would it be advantageous if it could, that
the specialised blastopore should elongate and give rise to the
mouth and anus, the middle part closing up. The cerebral
hemispheres have appeared, and they have never in the phylo-

1 The larval stage, for which the mouth was specialised, has in the Verte-

brata, as in many other animals, vanished; it has probably been included in
the embryonic period, and rapidly hurried over. )
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genetic history been traversed by this slit. Consequently the
only course open is that the mouth should be formed as a
secondary perforation entirely independent of the blastopore.
From the nature of the case it is exceedingly difficult to bring
forward any direct proofs derived from embryology in favour of
this view. But I think it can be shown that there is reason to
believe that the mouth and anus of the Vertebrata are placed in
the line of the original blastopore. Amphioxus, so far as I under-
stand its development, offers no support to my view, but the
case is different with the Ascidians and the higher Vertebrata.
Weldon ! has shown conclusively that the anus is formed

" within the area of the primitive streak, though after the dis-

appearance of the latter structure. It is on all hands admitted
that the primitive streak is a part of the original blastopore. I
need, therefore, say nothing with regard to the anus.

The mouth, however, is a great difficulty. Dr. Dohrn has
attempted to show that it is derived from a pair of gill slits.
Now, without considering the embryological facts opposed to
his view, which have been so ably pointed out by Balfour, I
venture to suggest that it is exceedingly improbable that an
animal should lose its mouth and develope a new one. It is
surely, on a priori grounds, far more likely that it would
change gradually the position of its mouth than that it should
lose it and go through the labour of acquiring a new one,
though that new one is supposed to be derived from pre-
existing structures.

Turning to the actual development, I may mention here two
facts which appear to me of importance.

(1) In Ascidians, Kowalewsky * has shown that the mouth
at a certain stage is dorsal (neural), and that the neural canal
opens into it (woodcut, fig. 2, V). The neural canal, also, at a
slightly earlier, if not contemporaneous stage, opened behind
into the gaut. We thus find the hypothetical siphon stage
of the evolution of the neural canal actually repeated in the

1 ‘Quart. Journ. of Mie. Seci.,” 1883.
3 Kowalewsky, ‘Arch. f. Mic. Anatomie,’ vol. vii, 1871.
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F1o. 8.—Various stages in the development of Phallusia mammillata

(from Huxley; after Kowalewsky). I. Commencing gastrula. fA. Seg-
mentation cavity. II. Late gastrula stage. eo. Blastopore. c¢4. Noto-
chord. dd. Hypoblast. IIl. More advanced embryo. ». Neural tube.
e. Epiblast. 1V. Formation of neural tube completed. dd’. Hypoblast
in tail. m. Muscles. V. Larva just hatched, the end of the tail is not
represented. 4. Eye. gb. Dilated extremity of neural tube, with otolith
projecting into it. Rg. Anterior swelling of spinal division of neural
tube. . Anterior pore of neural tube. Rm. Posterior part of neural
tube. o. Mouth. cA&s. Notochord. %/ Atrial invagination. dd.
Branchial region of alimentary tract. d. Commencement of cesophagus
and stomach. dd'. Hypoblast in tail. m. Muscles. Ap. Papilla for
attachment. VI. Body and anterior part of a two days’ larva.
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development of a living form. Salensky ! long ago pointed
this out. With a slight change in the shape of the anterior
end of the body of the Ascidian larva in Kowalewsky’s figure,
the mouth would be removed from what we call the dorsal
(neural) to what we call the ventral (abneural) surface. This
would involve a flexure of the anterior end of the neural canal,
and, I think, gives a clue to the phylogenetic meaning of the
cranial flexure. The closure of the anterior pore of the neural
canal is effected in such a way that it leaves a trace on the one
band as the infundibulum ; on the other as the pituitary body.
This homology has been often suggested. The persistence of
the lower part of this pore, and its development from the
epiblast of the buccal cavity, may be explained by supposing
that the buccal end of the pore was glandular before the closure
of the neural canal was effected. When this closure was
effected, the buccal part remained in connection with the
mouth as an excretory organ, a state of things persisting,
according to Salensky, in Ascidians. It then acquired the new
functions which it has at present, lost in the adult its connec-
tion with the mouth, and is known to us as the pituitary body.
Meanwhile, some of the endoderm cells of the dorsal wall of
the alimentary canal have become specially modified and
separated from the rest as the notochord.

(2) In the Vertebrata the anterior end of the notochord is
bent round, and becomes connected with the pituitary body at
its extreme front end.® This condition of the anterior end of
the notochord may be seen in the embryo before the pituitary
involution is cut off from the ectoderm of the developing
mouth—that is to say, the relation of the anterior end of the
notochord to the ectoderm is similar to that of the hind end;

' Salensky, *Zeitschrift f. Wiss. Zoologie,’ vol. xxvii, p. 213; and
“Morphol. Jahrbueh.,” vol. iii, p. 600.

3 The relation of the anterior end of the notochord to the pituitary body is
somewhat complicated. For the knowledge of this fact T am indebted to Mr.
Heape, who is at present engaged in investigating this very point. He in-
forms me that the existence of the connection was known to the older embryo-
logists (W. Miiller).
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behind it is closely connected with the front wall of the
veurenteric canal; in front it is closely connected with the
ectoderm of the developing buccal cavity.

At a still earlier stage, before the cranial flexure has
appeared, the front end of the notochord is swollen, and runs
into and is continuous with the front end of the medullary
plate. This state of things I have myself observed at a stage
before the medullary plate has begun to fold. Now, my view
is that this connection of the notochord marks the site of the
future mouth; that the site of the mouth—at first as in
Ascidians—perforates the medullary plate, and is on the dorsal
surface ; that soon, however, this site bends round on to the
ventral surface, and is eventually invaginated to form the
buccal cavity and pituitary body. This hypothesis can easily
be tested in the chick with the new Caldwell automatic micro-
tome, but I regret that I have not hitherto found time to
do so.

(Professor Hubrecht in his ingenious paper already quoted
(this Journal, 1883), has instituted a comparison between the
pituitary body and notochord of Vertebrates and the proboscis
and proboscis sheath of Nemertines.)

The cerebral hemispheres appear relatively late in front of
the notochord, and this fact fits in very well with the account
of their origin which I have suggested. On this view
Amphioxus has separated from the vertebrate stock before the
appearances of the cerebral hemispheres.

The modification of the alimentary pouches, and the longi-
tudinal canal connecting them, I have already alluded to. It
only remains for me to point out that the cavities of the
mesoblastic somites soon come to communicate ventrally both
with each other and those of the opposite side; that the dorsal
mesentery for the most part only persists, though the ventral
mesentery remain in the region of the heart, liver, and behind
in the region of the hind part of the body; that the nephridia
become modified into groups, each with a special importance;
the pronephros, or larval organ, is the first formed part of the
kidney and atrophies in the adult; the hinder part differentiates
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into meso- and meta-nephros; the meso-nephros becomes
counected with the male generative organs, and loses its ex-
cretory function, while the metanephros persists as the func-
tional kidney. I have, however, fully discussed the evolution
of the Vertebrate excretory system in my papers already quoted
on their development, and need not refer further to it here,
except to point out that there is every reason to believe that
the nephridia were originally segmental, one for each somite,
that this segmental arrangement is, with the specialisation of
the kidney, soon lost as it is in other organs.

ON THE STRUCTURES ENOWN AS PRIMITIVE STREAKS.

I may conclude this paper by a short review of these
structures.

(1) They are always connected with the formation of the
mesoblast.

(2) They are never, so far as I know, found in free larvze.
They are confined to the embryonic phase of development, and
are only found in animals which undergo a considerable part
of their development in the egg; in other words, only in eggs
well-stocked with food yolk, or in eggs which have lost the
food yolk. On the other hand, a primitive streak is not
universally present in such cases, e.g. Cephalopoda, Elasmo-
branchii, Amphibia, Crustacea.

(3) They are always median and unpaired in their origin,
but may in later development become grooved and present
traces of a bilateral structure.

(4) They are always caused by rapid proliferation of cells,
apparently from the epiblast.

(5) Their position seems to vary in different animals.

In Vertebrata, when present, the primitive streak is placed
mainly behind the blastopore (according to Strabl! not entirely
s0 in Lacerta, but this is not quite clear from his figures).

In Peripatus it is placed behind the blastopore, and, when the
blastopore has divided, behind the hinder division (fig. 4).

1 ¢ Arch, f. Anat. u. Phys.,” 1882,
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In other Arthropoda in which a primitive streak is present,
its position with regard to the blastopore cannot be determined ;
because the blastopore is not present in those cases in which
there is a primitive streak.

With regard to the two first cases the blastopore of the
Vertebrata closes, and the anus is subsequently (very late)
formed within the area of the primitive streak.

In Peripatus, however, the hinder division of the blastopore
does not close but travels slowly back over the area occupied
by the primitive streak to its position at the hind end of the
body.

I may here mention a fact which I observed last summer in
the newt (Triton cristatus). In this animal the blastopore
appears not to close but to persist as the anus. This state-
ment is based on surface views of a large number of embryos
from the stage when the egg is round until hatching. In all
these stages I never saw an embryo without an opening at the
hind end of its body. I very much regret that I have not had
time to confirm this observation by means of sections.

If true it is most interesting as being the only known case
in which the blastopore of Vertebrata actually persists as
the anus.

In the case of larvee which leave the egg at an early stage
of development, no primitive streak is developed, but the
mesoblast partly grows in from the lips of the blastopore, and
partly arises as mesenchyme.

In Amphioxus fourteen pairs of somites are derived s
hypoblastic pouches, the remainder are formed from hypoblastic
tissue, the exact behaviour of which is not explained by
Hatschek.

In those Vertebrata with primitive streak, the anterior
somites may be regarded as arising from hypoblastic meso-
blast ; but the greater part are formed from primitive streak
mesoblast.

In Peripatus, the mesoblast arises behind the blastopore from
the primitive streak, and grows forward as two bands, exactly
as in worms; but it arises from a primitive streak.
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I do not think any really satisfactory explanation can be
offered at present of these facts. I venture, however, to sug-
gest the following as an attempt at an explanation.

In many living Triploblastica the embryo leaves the egg at
a very early stage a8 a larva; at a stage in which it is little
more than a gastrula. Inasmuch as the parent of this ancestor
has differentiated nephridia and muscles, &ec., it is easily con-
ceivable that the larva should precociously acquire as much of
these organs as it requires. Hence mesenchyme. This larva
is a small animal, and does not require a pouched gut; its
hypoblast becomes specialised for digestion ; now it would
obviously hamper these exceedingly active larvee if the gut
repeated the phylogeny; at any rate, it is easily conceivable
that it would be more advantageous if it were possible that the
digestive cells should not have to undergo active developmental
changes. Hence the mesoblast has to be formed in another
way. The methods in which it is formed are, as is well known,
various; it nearly always, however, originates at the lips of the
blastopore, as the result of the proliferation of a cell, or cells,
which do nothing else but divide and give origin to the
mesoblastic bands. This, as I have suggested above, may be
looked upon as a modified development of that of the ancestral
archenteron, which became pouched, and gave rise to somites
(secondary invagination).

In those animals in which this larval phase has become
merged in the embryonic development, this process is con-
tinued ; but the area from which the major part of the meso-
blast arises, i.e. from which the secondary invagination takes
place, is larger. This may obviously be explained as being due
to the fact that, the development being protected, it is not im-
portant that the amount of growing tissue present at any given
moment should be as small as possible, in order not to hamper
the larva.

On this view Amphioxus presents a most surprisingly primi-
tive development, so far as its somites are concerned.

I need hardly point out that the prevailing order of develop-

D
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ment, from before backwards, is just what would, a priori, be
expected. The larva, being a free swimming animal, requires
sense organs; it therefore develops its anterior part first and
the organs belonging to this region of the body.
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EXPLANATION OF PLATES II & III,

Illustrating Mr. Sedgwick’s Paper on the ‘ Origin of Meta-
meric Segmentation.”

Complete List of Referemce Lotlers.

4. Anus. a. Anterior end of young embryo. 4. P. Abdominal pore.
B. Body-wall. C. H. Cerebral hemisphere. C. Longitudinal canal connect-
ing pouches of archenteron. E. Ectoderm. @. Gill pouch. H. Heart.
K. Nephridium. K. D. Longitudinal duct of Nephridia (segmental duct).
M. Mouth. M. 4. Coalesced part of primitive mouth. MZE. Mesenteron.
me. Edge of mesenteries. M. S. Mesoblastic Somites. N. Nervous ays-
tem between mouth and anus. N'. Preoral part of nervous system, N7,
Postanal part of nervous system. N. C. Neural canal. Ne. Posterior open-
ing of neural canal. O. External openings of Nephridia. P. Pouches of
archenteron. P. Prworal lobe. Py. Anterior opening of neural canal.
Si. Siphonoglyphe.  Si’. Upper end of siphonoglyphe projecting beyond
general edges of lips. S¢. Wall of stomodeeum.

Figs. 1—5.—Five young embryos of Peripatus capensis, ventral view.
From drawings by Miss Balfour. a. Denotes the anterior extremity.

F16. 1.—Youngest embryo, with slightly elongated blastopore.

Fie. 2.—Embryo, with three somites and elongated blastopore.

Fie. 3.—Embryo, with five somites. The blastopore is closing in its
middle portion.

Fie. 4—The blastopore has completely closed in its middle portion and
given rise to two openings, the future mouth and anus. The primitive streak
is deeply grooved.

Fie. 5.—Embryo, with about thirteen somites; flexure of hind part of
body commenced. The remains of the original blastopore are present, as the
mouth placed between the second pair of somites, and the anus placed on the
concavity of the commencing flexure of the hind part of the body.

Fre. 6.—Stomodzum of Peachia, laid open so as to show the siphono-
glyphe. This figure was very kindly drawn for me by Mr. W. F. R, Weldon.
T. Tentacles. 8¢ Wall of stomodsum. Si. Siphonoglyphe. S¥’. Upper end
of siphonoglyphe, projecting beyond the general edges of the lips. B. Body-
wall. me. Edge of mesenteries.



EXPLANATION OF PLATES II & III—continued.

F16. 7.—Diagram of ideal ancestor of segmented animals, viewed as a
transparent object from the ventral surface. 4. Central part of archenteron.
P. Pouches of archenteron (four represented on either side). C. Longitu-
dinal canal connecting pouches. O, Excretory pores. N. Nervous ring.
M. 4. Dumb-bell shaped mouth. Ectoderm. -

Fre. 8.—Diagram showing Invertebrate arrangement. Archenteric pouches
separate from central part of archenteron (now called mesenteron). E.Ectoderm.
M.E. Mesenteron. M. S. Mesoblastic somites, X. Nephridia. O. External
openings of Nephridia. M. Mouth. 4. Anus. M. 4. Coalesced medium
part of primitive mouth. . Central nervous system ; dumb-bell shaped like
that of Peripatus. Wall of mesenteron, yellow. Mesoblastic somites, blue.
Nephridia, red.

F16. 9.—Diagram of Vertebrate arrangement from neural (dorsal, i.e. ven-
tral of Invertebrata). Exoretory pores are not developed, except behind,
4. P.; and in front, G@. Colours and letters as in Fig. 8, except G, gill
pouch. K. D. Longitudinal duct of Nephridia, or segmental duct, opening
behind into mesenteron. 4. P. Pore retaining Invertebrate arrangement=
abdominal pore. Mouth, anus, and nervous system not shown.

Fi1e. 10.—Diagrammatic transverse section through Invertebrate. Colours
as before. M. S. Somite. M. E. Mesenteron. N. Nervous system.
K. Nephridia.

Fre. 11.—Diagrammatic transverse section through Veriebrate. Colours
as before. N. C. Neural canal. M. E. Mesenteron. XK. D. Segmental duct.
K. Segmental tube (nepbridium). M. S. Somite.

Fie. 12.—Diagram of longitudinal vertical section of Invertebrate. Vas-
cular system, red. P. Preoral lobe (hemal). H. Heart. N. Nervous
system. . Preeoral nervous system. N3, Postanal ditto. M. E. Mesen-
teron. M. Mouth. 4. Anus.

Fi1e. 13.—Diagram of ideal intermediate type, with terminal mouth and
anus. Letters and colours as in Fig. 12.

Fre. 14.—Diagram of arrangement of Balanoglossus, with neural preeoral
lobe and without prsoral and postanal nervous system.

F16. 15.—Diagram of arrangement of embryo Ascidians and Vertehrata.
Nervous system folded in. (Siphon stage.) Py. Anterior opening of neural
canal (site of the pituitary body). Ne. Posterior ditto. . C. Neural canal.

F16. 16.—Diagram of Vertebrate arrangement. C. H. Cerebral lobe.
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A Criticism of the Cell-Theory ; being an Answer
to Mr. S8edgwick’s Article on the Inadequacy
of the Cellular Theory of Development.

By

Gilbert €. Bourne, M.A,, F.L.S,,
Fellow of New College, Oxford.

“Jedes Lebendige ist kein Einzelnes, sondern ein Mehrheit; selbst inso-
fern es uns als Individuum erscheint, bleibt es doch eine Versammlung von
lebendigen, selbstandigen Wesen, die der Idee, der Anlage nach gleich sind,
in der Erscheinung aber gleich oder &hnlich, ungleich oder unihnlich werden
konnen. Diese Wesen sind theils urspriinglich schon verbunden, theils inden
und vereinigen sie sich. Sie entzweien sich und suchen sich wieder, und
bewirken 8o eine unendliche Production auf alle Weise und nach allen
Seiten.”—GoeTHE (1807).

Mz. Apam Sepewick has of late thrown himself with
considerable zeal into the part of a zoological iconoclast, and
has displayed an evident relish in battering the idols which,
he would fain make us believe, are turning away the minds of
men from the true faith, of which there are but few orthodox
exponents. Nor may we blame him for his fervour, for an old
faith always emerges purer, if not firmer, from the ordeal of
sharp antagonism. The idols in question are the develop-
mental law of von Baer and the cell-theory.

Seeing how important a thing it is that a science should be
guided by principles capable of being expressed in precise
language, it has been a matter of surprise to me that some
competent person has not taken up the challenges which
Mr. Sedgwick has thrown down. For, if his views are to
prevail, two of the fundamental principles of zoology, principles
which have hitherto directed and steadied the course of zoolo-
gical speculation, are taken away from us; and unless some
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better and more distinct principles are put in their place, the
course of speculation may be expected to be very erratic
indeed. It is not without serious misgivings as to my own
competence that I, in default of a better champion, take up
one of these challenges, and I propose to criticise Mr. Sedg-
wick’s recent article on the inadequacy of the cellular theory
of development, leaving for a future occasion the consideration
of his earlier article on von Baer’s law.

It is to be regretted that Mr. Sedgwick should, in putting
forward a view affecting one of the fundamental propositions
of biology, have chosen to adopt a controversial method, which
cannot but have the effect of weakening his case. And it is
still more a pity that he should be so unsparing in abuse of
his imaginary opponents, whilst he himself commits the very
fault for which he so much blames them. For he lays, in the
front of his indictment, a charge of vagueness and unsub-
stantiality against the supporters of the cellular theory.
““ We are dealing,”” he says,  with a kind of phantom which
takes different forms in different men’s eyes. There is a want
of precision about the cell-phantom, as there is also about the
layer-phantom, which makes it very difficult to lay either of
them. Neither of these theories can be stated in a manner

-satisfactory to every one. The result is that it is not easy to
bring either of them to book.”

I shall show, later on, that this charge of vagueness is not
altogether justified ; what I am at present concerned with is
to show that Mr. Sedgwick is as much open to the charge of
vagueness as the rest of the zoological world which he casti-
gates.

Read his article through as carefully as one may, one
cannot find any definite or precise statement of his own stand-
point, saving that he quotes passages from one of his earlier
works. The ecritic, therefore, must be content to infer
from the tenor of the whole article, and from particular
passages in it, as well as from his previous writings, what
Mr. Sedgwick does or does not believe with regard to the cell-
theory, and if he is misinterpreted, it is his own fault.
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It is probably a fair summary of his position to say that, for
the present, he limits his objections to the application of the
cell-theory to the process of growth during embryonic deve-
lopment ; but that he scarcely conceals his preference for the
view that there are no such things as discrete cells in the
so-called multicellular organism. And as it is necessary, at
the outset, to have a perfectly clear idea of his meaning, I will
quote passages from the work to which he refers in his opening
paragraph, assuming that what he stated then he is prepared
to adhere to now, and that his last article is intended to
emphasise the views which he formerly propounded, and to
bring fresh evidence in support of them.

On p. 204 of the second part of his account of the deve-
lopment of the Cape species of Peripatus, he says:—“ It is
becoming more and more clear every day that the cells com-
posing animal tissues are not isolated units, but that they are
connected with one another. I need only refer to the connec-
tion known to exist between connective tissue cells, cartilage
cells, epithelial cells, &c. And not only may the cells of one
tissue be continuous with one another, but they may also be
continuous with the cells of other tissues. . . . It is true
that the cells of blood and lymph and the ripe generative cells
are completely isolated. But the former, in their first stages
of growth, form part of the syncytinm, as in all probability do
the latter also. This continuity, which for & priori reasons
we should expect, has hitherto been regarded as a fact of little
morphological importance and relegated to the category of
secondary features. The ovum, it is said, segments into
completely isolated cells, and the connection between them is
a secondary feature acquired late in development. It has
always been considered that the first stage in the evolution
of the Metazoa was a colonial Protozoon, i. e. a mass of perfectly
isolated unicellular organisms, derived by complete division
from a single cell. Now while I do not wish to exalt the facts
of the cleavage and early development of Peripatus to a posi-
tion of undue importance, or to maintain that of themselves
they are sufficient to destroy this conception of the origin and
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structure of a Metazoon, I think I am justified in pointing
out that, if they are found to be of general application, our
ideas on these subjects will have to undergo considerable
modification. The ancestral metazoon will no longer be
looked upon as a colonial protozoon, but rather as having
the nature of a multinucleated infusorian, with a mouth
leading into a central vacuolated tract of protoplasm. The
continuity between the various cells of the adult—the connec-
tions between the nerves and muscles and sensory epithelium,
receive an adequate morphological explanation, being due to
a primitive continuity which has never been broken. In
short, if these facts are generally applicable, development can
no longer be looked upon as being essentially the formation of
a number of units from a single primitive unit, and the
co-ordination and modification of these units into a harmonious
whole. But it must rather be regarded as a multiplication of
nuclei and a specialisation of tracts and vacuoles in a con-
tinuous mass of vacuolated protoplasm.”

This is a temperate and lucid statement of a suggestion
which is still worthy of serious consideration, the more so
since it had been shown, but a short time previous, that
protoplasmic continuity between the tissue-cells of plants is of
very general occurrence, if not the rule. And, as a historical
fact, the continuity of protoplasm was a phenomeuon familiar
to animal histologists long before it was proved for vegetable
tissues ; indeed there were authors who, before Mr. Walter
Gardiner’s researches were published, were disposed to regard
protoplasmic continuity as a characteristic of animal organisa-
tion, discontinuity as a characteristic of vegetable organisa-
tion.

I have quoted at length because Mr. Sedgwick from being
temperate has become intemperate, and from being lucid he
has become obscure; so that, were I to deal only with his
latest utterances, I should be quite at a loss to know what his
maturer views might be.

What follows, then, may be taken to be a not unfair state-
ment of his position. That from the connection known to
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exist between some cells composing adult tissues, there is an
antecedent probability that similar connections exist between
all cells composing all tissues ; and this probability is heightened
by observations made on the development of Peripatus, by the
fact that the so-called mesenchyme cells in Avian and Selachian
embryos are continuous, and not isolated, as was once supposed,
and by a study of the developing nerves of Elasmobranchs.
And that it follows from this that the morphological concept
of a cell, so far from being of primary, is altogether of secon-
dary importance, and that progress in the knowledge of
structure is impossible so long as men persistently regard
cells as the fundamental structural units on which the pheno-
mena manifested by organised beings depend. The true
method of enquiry must be a study of the growth, extension,
vacuolation and specialisation of the living substance—proto-
plasm.

It is in this sense that I propose to deal with Mr. Sedgwick’s
views, and he will pardon me if I have misinterpreted them.
At any rate, I have done my best to understand them,

I would wish to show, in the first place, that there is very
slender ground for the accusations which Mr. Sedgwick levels,
in an unsparing manner, against his zoological contemporaries,
He goes so far as to say that their eyes are blinded by theory
to the most patent facts, and that ‘“ they are constrained by
this theory,”—the cell theory,— with which their minds are
saturated, not only to see things which do not exist, but
actually to figure them.”” This is abuse and not argument ;
if Mr. Sedgwick were to remember the qualifying sentence in
his writings of 1886, « if they are of general application,” he
would recognise that there is little occasion for accusing
zoologists of perversely ignoring the views which he then
set forth.

For, in fact, the phenomena to which he draws our attention
have received their due meed of recognition from the time
that  the cellular structure of tissues was first studied.
More recent researches have enlarged our knowledge of proto-
plasmic continuity, but it is still a phenomenon far from. being
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of such universal application as to constrain us to abandon
that very useful morphological concept—a cell.

For some years past the study of cells, of their nltimate
structure, of their chemical and physical properties, of pheno-
mena which accompany their growth and division, has been
carried on with a minuteness which a short time ago was
undreamt of. And attention has been directed, not onmly to
the cells composing adult tissues, but in the most marked
degree to the successive formation of cells from the primitive
unit, the oosperm, and to the fate which each subsequently
undergoes in the course of development. In place of the off-
hand statements of older embryologists, that the ovam divides
into two, four, eight, sixteen segments, and so forth, we have
the most accurate and minute accounts of the successive
formation of cells, of the place which each occupies in the
developing embryo, of its parentage and of its progeny, and
of the share taken by the last named in the building up of the
adult tissues. In short, we have a number of cell-lineages,
which show that in a number of animals, some of which are
widely separate from one another, the formation of cells from
the ovum follows courses which are either identical or so
closely similar that the differences excite our wonder far less
than the similarities. So minute are these investigations that
every karyokinetic figure has been followed in every cell, up
to a stage where their number becomes bewildering.

I refer, of course, to the remarkable series of observations
which were begun by Selenka, Arnold Lang, Hallez, Bloch-
mann, and others, and have been carried to the highest
perfection by von Wistinghausen, E. B. Wilson, Heymons,
and Lillie.

It would be impossible, in such an essay as this, to deal
adequately with the results obtained by these authors; and it
is unnecessary, since their works are within reach of everyone.
It is enough to say here that a perusal of them does not tend
to diminish the importance which we have been accustomed to
attribute to the cell in developmental processes.

Nothing can be more clear than the fact that, in Nereis or
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in Unio, there result from the division of the ovam separate
protoplasmic corpuscles, as distinct from one another as one
room in a house is distinct from another, each of which is not
only separate, but contains within itself definite, and probably
limited, qualities (at least at stages beyond eight or sixteen
cells). One might almost say that, after the earliest stages,
each blastomere has a definite task allotted to it, which it
faithfully and punectually performs, according to a prescribed
oourse. To each, it might be said in figurative language, is
given material, which it must place, not anywhere, but in one
particular part of the edifice.

In considering these very remarkable researches, it is not
sufficient, for the present purpose, to say that no connection
between the blastomeres was observed. Such connections
may have existed and have been overlooked; as the con-
nections, which undoubtedly exist, between plant cells were
for a long time overlooked. But, a priori, such connections
are improbable. For, as has been said, the qualities of each
blastomere are limited. Each is specialised before any form
changes become visible ; each plays one part, and one part
only in tissue formation. If their protoplasm were continuous,
being made so by uniting strands, then, as Mr. Sedgwick has
expressed it, the molecular constitution of any part would in
time spread through the whole mass. But the molecular
constitution of the blastomeres must be different, for their
manifestations are different, and we may possibly see, in this
case, some explanation, obscure though it may be, of the iso-
lation of the form elements from one another.

Further than this, there is objective proof that the cells
constituting the early embryos of these forms are separate.
They exhibit remarkable shiftings of position, which render
the existence of connecting strands of protoplasm highly im-
probable, and the migrations of some cells—e.g. those in
Nereis named ¢ % and d 15 by Wilson—are of such an extent
that, if there were protoplasmic continuity, they would be
impossible,

It is no exaggeration to say that this is evidence which
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effectually disposes of the idea that a syncytial theory of
animal organisation is of general application.

It does more than this, it shows that there are not a few
instances in which cells possess a morphological and physiolo-
gical significance greater than was at one time supposed.

There are numerous other cases in which, at an early stage
of development, cells wander far from the position in which
they originated, and become placed so far from the parent
cells from which they sprung, that any idea of protoplasmic
continuity is impossible. As examples I may mention: the
outer layer cells of Cornacuspongiz and Silicispongize, which,as
Maas has shown, go through remarkable migrations; the me-
soblast of Callianira bialata, Beroe and Cydippe, as de-
scribed by Metschnikoff, whose statements are confirmed by
observations made (but unfortunately not published) by Mr.
Riches on Hormiphora plumosa; the lower endoderm
cells of Discoceelis, Eurylepta, and Leptoplana, as described
by Lang, Hallez, and Selenka.

In short, the evidence is overwhelming, and it must be

taken to be very clearly established that there are numerous
cases in which there is not “a primitive continuity which has
never been broken.”
_ It is apparent, then, that morphologists have been amply
justified in refusing to recognise Mr. Sedgwick’s views as to
the syncytial nature of animals, and there is no justification
for the strong language which he uses towards them on
account of their refusal.

It is, on the other hand, quite possible that the frequency of
the occurrence of protoplasmic continuity between developing
tissue-cells may have been overlooked or ignored by a few
authors, and that those who have done so have been led into
the error of attributing too great and too fundamental im-
portance to the cell as an independent vital unit (Lebenseinheit).

But, in point of fact, I am unable to find, in the writings of
any reputable biologist, any statement to the effect that an
organism is composed of independent and isolated units. One
may, it is true, find passages here and there which, when
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removed from the context, might be made to bear such an
interpretation. I have questioned my pupils with regard to
such passages, and I find that they do in fact put such an
interpretation upon them. For instance, in Waller’s ¢ Intro-
duction to Human Physiology’ the following passage occurs
on page 2: “ The organism is a community; its individuals
are cells; groups of its individuals are organs.” Here we
have an example of the danger of the too free use of illustrative
language. In every illustration there lurks a fallacy. The
fallacy may not have been present to the mind of the author;
but if the illustration alone is used, without a lucid explanation
of its meaning, the fallacy may be the one thing which im-
presses itself on the minds of his readers. In this case there
is a fallacy in the analogy, so often made use of for purposes of
popular exposition, between an organism and a community. If
the analogy is used without the necessary reservations it leads
to confusion, for the reader is only too prone to transfer to
the organic unit the idea of the individual isolated man, who
is the social unit. The organic unit may in some cases be
individual and isolated, but in the great majority of instances
it has lost, wholly or partially, its individuality, and is not
isolated. It becomes a subordinate part of a higher individality,
which in its turn may be subordinate to an individuality of a
still higher order. This has been explained in the most lucid
and masterly manner by Hickel, in his ¢ Allgemeine Anatomie
der Organismen,” published in 1866; and nobody who has
carefully studied that work can fail to have a clear under-
standing of the subject. Yet it is to Hickel that the doctrine
of a cell-republic is often attributed! Clearly by those persons
only who have not read his works. For he insists, over and
over again, upon a distinction (which since the researches of
Mr. Walter Gardiner no longer holds good) between the
organisation of plants and that of animals, namely, that the
special characteristic of plants lies in the preponderance of the
perfected and differentiated individuals of the first order—the
cells or plastids. “Der wesentliche tectologische Character
der Pflanzen liegt in der vorwiegenden Ausbildung und Differ-
VoL. 38, PART 1.—NEW BSER. K
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enzirung der Individuen erster Ordnung, der Plastiden” (op.
cit.,, p. 222). Of animals he says, on the contrary, “ Der
wesentliche tectologische character der Thiere liegt sowohl in
der verwickelteren Zusammensetzung der Thierleibes aus weit
differenzirten Individuen verschiedener Ordnung, als auch
besonders in der verschiedenartigsten Ausbildung der Indi-
viduen zweiter Ordnung, der Organe, welche viel mannich-
faltiger, als bei den Pflanzen und Protisten, differenzirt und
polymorph sind. Die Plastiden, die Individuen erster Ordnung,
sind bei Thieren allermeist Zellen, und zwar meistens Nackt-
zellen (ohne Membran) weniger Hautzellen (mit Membran).
Sehr héufig, und allgemein in den entwickelten Personen,
vereinigen sich bei den Thieren mehrere Nacktzellen zur
Bildung von Zellstocken (Nervefasern, Muskelfisern), was bei
den Pflanzen nur bei der Bildung der Milchsaftgefdsse und
der Spiralgefisse geschiecht. Daher verliert bei den
Thieren stets wenigstens ein Theil Zellen ihre in-
dividuelle Selbstindigkeit, wihrend sie dieselbe
in den Pflanzen meist behalten.”

The last sentence, which I have put in italics, shows most
clearly that, as long ago as 1866, Hiickel did not regard the
animal organism as a community, whose individuals are cells ;
and it is the fact that he applied the term * cell-republic” to
plants, intending thereby to emphasise the difference which
he believed to exist between vegetable and animal organisation.

So that, as a matter of history, whilst plants used to be
considered to be colonies of independent life units, animals
were not. A certain exchange of opinion seems to have taken
place more recently. Some few zoologists and animal physi-
ologists, borrowing from Hiickel the term cell-republic, have
thoughtlessly applied it, with all its implications, to animal
organisation, whilst botanists, influenced by Mr. Walter Gar-
diner’s researches, have insisted more and more upon the
individuality of the plant as a whole, and the subordination of
its component parts, the cells. None the less, the facts of
cell fusion and cell communication have never been wholly
overlooked by zoologists, and recent years have brought to
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light facts, such as the continuity of cartilage cells, which were
unsuspected when Hickel wrote.

I am therefore far from being satisfied that the independent-
life-unit theory has had such a dominant influence as Mr.
Sedgwick would have us believe; and I am quite certain that
the picture which he draws of the teaching given to every
student of biology is a travesty of the truth.

Biology includes botany as well as zoology, and if we were
to allow (which I do not) that zoologists generally have
become as narrow in their conceptions of the processes of
development as Mr. Sedgwick says, it is quite certain that
botanists have not. And as all students of biology are—or if
they are not, they ought to be—put through a course of
elementary botany as well as of zoology (in many schools the
subjects are combined), grave blame must be imputed to those
teachers who have, in the later stages of their education,
warped the liberal conceptions which they must have formed
on the subject of organic growth and development. For I take
it that, after a study of Mucor, Vaucheria, and the Myxomy-
cetes, there is no student so dull but he will have imbibed
ideas respecting cell growth which impel him to ask the
question which as Mr. Sedgwick says it is so difficult to find
an answer to—°‘ What, after all,is a cell?” If, when he asks
this question, he is told that the cell is an isolated corpuscle
of protoplasm, the unit of vitality, and that there is “a most
fundamental distinction” between unicellular and multicellular
organisms, and so forth, the student may go on his way
rejoicing, for that he has at last been given a clear and tangible
statement ; but none the less he will have been started on a
very wrong path. I have not a widespread experience of
goological teaching, but I know, at least, that Professor
Lankester’s pupils are not started on that path. The truth is,
and, if I am not much mistaken, zoologists and botanists alike
have long been possessed of it, that there is no fandamental
but only a formal distinction between unicellular and multi-
cellular organisms ; that the cell is a form concept founded
on a very wide basis of experience, whereby we can conveniently
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interpret to our minds one of the most universal of organic
phenomena, viz. the splitting up of protoplasmic masses during
growth into a number of more or less distinct corpuscles.

It will not be out of place if I quote here a passage from
von Sach’s ¢ Vorlesungen iiber Pflanzenphysiologie’ (English
edition, translated by H. Marshall Ward, 1887, p. 78). “To
many the cell is always an independent living being, which
sometimes exists for itself alone, and sometimes becomes
‘joined with others ’—millions of its like, in order to form a
cell colony, or as Hackel has named it for the plant parti-
cularly, a cell republic. To others again, to whom the author
of this book also belongs, cell-formation is a phenomenon very
general, it is true, in orgauic life, but still only of secondary
significance; at all events it is merely one of the numerous
expressions of the formative forces which reside in all matter,
in the highest degree, however, in organic substance.”

That this is a great limitation of the cell theory, both as
propounded by its authors and as held by many zoologists, is
not to be denied ; and Mr. Sedgwick might well be content
if some such statement were made the established doctrine
as regards cells. It appears to me that some such limited
statement is necessary if we are to have any proposition
universally applicable to organic structure; but with this
reservation, that I cannot regard as of secondary significance
that which all experience shows to be the expression par
excellence of organic growth.

In admitting this much, a large part of Mr. Sedgwick’s
demand is conceded, for it is not to be denied that the cell
theory has been very differently and much more dogmatically
stated by quite recent authors.

We have, for instance, Dr. Oscar Hertwig’s recent work,
¢ Die Zelle und die Gewebe.” He begins dogmatically enough
by saying, ‘ Thiere und Pflanzen, so verschiedenartig in ihren
dusseren Erscheinung, stimmen in den Grundlagen ihres ana-
tomischen Aufbaues iiberein; denn beide sind aus gleich-
artigen, meist nur mikroskopisch wahrnehmbaren Elemen-
tareinheiten zusammengesetst. . . . Denn die Zellen, in
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welche der Anatom die pflanzlichen und thierischen Organis-
men szerlegt, sind die Triger der Lebensfunctionen, sie sind,
wie Virchow sich ausgedriickt hat die ‘ Lebenseinheiten.’
Von diesem Gesichtspunkt aus betrachtet, erscheint der
Gesammtlebensprocess eines zusammengesetzten Organismus
nichts Anderes zu sein als das hochst verwickelte Resultat
der einzelnen Lebensprocesse seiner zahlreichen, verschieden
functionirenden Zellen.”” The whole book is written *von
diesem Gesichtspunkt aus,” and, admirable as it is, there is
reason to think that its value is somewhat impaired by the
excessive value attributed to the cell as an independent vital
unit.

In passing, I may remark that this passage of O. Hertwig’s
gives a very precise and definite statement of the cell theory,
as it is held now, by a very great authority ; and a reference
to older works would have shown Mr. Sedgwick that, so stated,
it is practically the same as what its authors stated.!

For the original words of Schwann are these: * The ele-
mentary parts of all tissues are formed of cells in an analo-
gous though very diversified manner, so that it may be asserted
that there is one universal principle of development for the
elementary parts of organisms, however different, and that
this principle is the formation of cells. . . . . . In inferior
plants any given cell may be separated from the plant and can
grow alone. So that here are whole plants consisting of cells
which can be positively proved to have independent vitality.
Now, as all cells grow according to the same laws, and conse-
quently the cause of growth cannot in one case lie in the cell
and in another in the whole organism, and since it may be
farther proved that some cells, which do not differ from the
rest in their mode of growth, are developed independently,
we must ascribe to all cells an independent vitality ; that is
such combinations of molecules as occur in any single cell are
capahle of setting free the power by which it is enabled to
take up fresh molecules. The cause of nutrition and growth

1 ¢« T am not concerned with what its authors held.”—Mr. Sedgwick, op. cit.,
p- 88.
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resides, not in the organism as a whole, but in the separate
elementary parts, the cells.”

The definitions of Hertwig are a re-statement in other words
of the salient features of the theory of Schwann, and it is an
error to speak of an unsubstantial cell phantom. Nor is there
any unsubstantiality about the cellular theory of development,
which, I may remind my readers, originated with Remak.
The cellular theory of development, taking as its starting point
the conclusions of Schleiden and Schwann that all organisms
are cells or composed of an aggregate of cells, states that
every cell is formed by the division of a pre-existing cell, not
as Schwann had supposed, by differentiation within a structure-
less cytoblastema.! Hence Virchow’s well-known aphorism,
““ omnis cellula e celluld,” which, besides denying abiogenesis,
expresses the cellular theory of development as succintly as
possible.

It would have been a great advantage to his own argument,
and also to his critic, if Mr. Sedgwick had given the clear and
authoritative expositions of the cellular theory which lay ready
to hand, instead of confusing the issue by a whimsical account
of his experience of morphological teaching.

Let us now examine the cell-theory, as stated by Hertwig,
in the light of our present knowledge of animal and vegetable
structure.

It would not be a difficult task to demonstrate the general
truth of Virchow’s aphorism. Wherever there is a cell, it may
be shown to be the product, and generally the immediate
product, of a pre-existing cell. But it would seem that some
biologists have added an unwarrantable corollary to Virchow’s
generalisation, and would say,  Nil nisi cellula e celluld.”
Now from a certain aspect this might be considered true;
everything depends on the question as to what is a cell?

Hertwig has pointed out, with much truth, that our pre-
sent conception of a cell is inseparably connected with our
conception of protoplasm. We are still very far from under-

! Mr. Bedgwick appears to have leanings towards a cytoblastema, as I
shall show further on.
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standing the structure of protoplasm, and it might be said
that, if we know nothing of the component, it is useless to
make assertions about the compost; but it will at least be
useful to criticise the attempts which have been made.

Hertwig gives this definition, which is the same as that
originally given by Max Schulze. A cell is a corpuscle of
protoplasm in which is contained a specially organised con-
stituent, the nucleus. (Die Zelle iet ein klimpchen von Proto-
plasma, das in seinen Innern einen besonders geformten
Bestandtheil, den Kern (Nucleus) einschliesst.) This at first
sight seems satisfactory enough, but the more one examines
it, the less satisfactory does it appear, in view of the different
kinds of organisms which are usually described as single cells.

If a corpuscle containing a nucleus is a cell, is a corpuscle
containing two or more nuclei also a cell? And still more, is
a large mass of protoplasm containing many nuclei to be
regarded as a cell? Such a mass, I mean, as Botrydium,
Caulerpa, or Codium, or even Pelomyxa. By many authors
these organisms are regarded as single multinucleate cells, but
I am far from being convinced that this is a right view of the
case,!

If there is one thing more than another which has come
into prominence as the result of recent research, both botani-
cal and zoological, it is the fundamental importance of the
naucleus to cell life, So many minute organisms, which at one

! With regard to the argument which follows, I would remind my readers
that Hickel, thirty years ago, clearly expressed the view which I am now
urging (see his “Allgemeine Anatomie den Organismen,” forming the first
part of the ¢ Generelle Morphologie,’ p. 296). * Es muss hierbei ausdriicklich
errinert werden, dass wir unter eine Zelle nur einen Plasma-Klumpen mit
einem Kerne verstehen konnen. Der haufig gebrauchte Ausdruck einer
‘ mebrkernigen Zelle ’ ist eine Contradictio in adjecto, da ja eben nur die
Einheit des Kerns die individuelle Einheit der Zelle als eines Elementar.
Organismus bedingt. Jeder Plasmaklumpen, der mehr als einen Kern
umschliesst, moge er nun von einer Membran umhiillt sein oder nicht, ist eine
Vielheit von Zellen, und wenn diese Vielheit eine bestimmte einheitliche
Form besitzt, so haben wir sie als Zellenstock zu dem Range eines Organes
erster Ordnang zu erheben.” This view, however, has been ocontroverted by
many authorities, as will appear further on,



152 GILBERT O. BOURNE.

time were believed to be non-nucleate, have since been shown
to contain nuclei, or at any rate nuclear matter, that we are
tolerably well justified in saying that the nucleus, or its
equivalent, is an essential constituent of the cell. At all
events we know that division of the nuclear substance, whe-
ther mitotic or amitotic, is all-important as a prelude to and
accompaniment of cell division. The experiments of Gruber
and Verworn show that if Amcebs are artificially divided, the
parts cut off will regenerate and lead an independent existence
if they contain nuclear matter, but if they do not, they soon
perish. Fragmentation of the nucleus—by which is produced
a so-called multinucleate condition, often of considerable
duration—is a prelude to spore formation, i. e. to the
division of the cell into many parts. Mitotic division is highly
characteristic of division of the cell into two parts. It is very
difficult to draw distinctions, but it is worth consideration
whether the temporary multinucleate condition ending in
maultiple fission, which is common in protozoa, has not a
different value to the permanently multinucleate condition of
some plants and animals, which are generally called unicellular.
In the one case(e. g. Podophrya, Thalassicolla, Actinosphaerium)
division or fragmentation of the nucleus leads, sooner or later,
to the separation of cells, each containing a fragment of the
original nucleus. Inthe Cceloblastz (Siphones, e. g. Caulerpa)
the repeated division of the nucleus is not followed by any
cell division, but the organism is throughout life a mass of
continuous undivided protoplasm. The plant, as von Sachs
says, is of considerable size, develops roots, even leaf-forming
shoots, and in its protoplasm hundreds and thousands of cell
nuclei are contained, which with advancing growth are multi-
plied by division, and obtain a definite arrangement within the
protoplasm. And, as in the case in cellular plants, the nuclei
are specially aggregated at the growing points. The whole
behaviour is just that of a multicellular plaut, but there are no
partition walls.

It is stretching the point very far to call this a single cell.
And, in fact, it is an inconsistency to do so, for where, by an
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essentially similar process, a continuous sheet of protoplasm
containing many nuclei is formed as a tissue-constituent of a
multicellular animal or plant, we do not call the whole multi-
nuclear tract a single cell—we call it a syncytium, or take
some roundabout way of describing it. Such a case is the
formation of the endosperm in the embryo-sac of Phanero-
gams. By repeated mitotic division of the nucleus and growth
of the surrounding cytoplasm, a tract of continuous proto-
plasm is formed, coutaining many nuclei. At a later stage
partitions are formed and the mass is divided up into cells, but
for a period the endosperm has a structure which recalls that
of the Cceloblastee. Can we say that the condition in the
endosperm is to be regarded as multicellular because it is not
permanent, and that the condition in the Cceloblaste is to be
regarded as unicellular because it is permanent? If this is
allowed the consequences are far-reaching, for it follows that
the multinaclear phase in Actinospheerium and other Protozoa
is also multicellular, because not permanent.

Take, again, the case of the Mycetozoa. The plasmodium of
Badhamia or Fuligo is not unicellular, for it is formed by the
union of many cells: it is not called multicellular, because
there are no cell divisions: yet we draw, rightly enough, a
distinction between the plasmodium, where cell bodies fuse but
the nuclei do not unite, and the single cell resulting from con-
jugation, where the nuclei do unite.

A survey of the facts must lead to the conclusion that there
is an intermediate phase between the unicellular and the multi-
cellular condition, which is the multinucleate but non-cellular
condition,! and that there is no fundamental distinction

!} The term non-cellular does not exactly represent the condition which it
is intended to describe. Yet, if one adheres to existing nomenclature, it is
dificult to find a substitute. The term “cell,” though founded on an
erroneous conoception, is so firmly established in biological language that it
would probably be impossible to eject it. Yet if one were to make general
use of the Greek equivalent siric (literally a little box), which has already
come into such favour as to have respectable claims on our attention, one
might adopt much more exact expressions. Thus the uninucleate Protozoa
might be said to exhibit a monocytial condition, multicellular organisms a
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between Protozoa as unicellular, and Metazoa as multicellalar
organisms. I should hardly have thought it worth while to
insist upon this had not Mr. Sedgwick written “that an
organism may consist of one cell or of several cells in associa-
tion with one another. We draw the most fundamental dis-
tinction between the two kinds of organism, and we divide the
animal kingdom into two great groups to receive them. Asa
proof of the importance which we attach to this feature of
organisation we assert that a man is nearer, morphologically,
to a tapeworm than a tapeworm is to a paramcecium.”
Botanists, who have the great advantage of studying the
physiology concurrently with the morphology of their subject,
make no fandamental division into Protophyta and Metaphyta.
For them, unicellular plants, hypopolycytial plants, Fungi and
Alge are alike Thallophyta, and a passage from Goebel may
serve to illustrate the point of view which leads them to classify
together organisms which, from the point of view of “inde-
pendent life units,” would appear widely separate. ‘‘ From
this initial stage ”—a single small cell— the process of de-
velopment may advance, yet still within the limits of a single
cell, and whilst the cell increases in sise, often reaching
dimensions without parallel in the vegetable kingdom, either
the differentiation of the cell-contents or that of the external
form, as shown by the branching, may make most rapid pro-
gress. In other cases the growth of the cells is accompanied
by cell-division, the thallus becoming multicellular, and the
single cell producing, according to the nature of the plant,
a cell row, or a cellular filament, a cell surface or simple tissue
layer, or lastly a cell mass increasing in every direction.”

polycytial condition, and the so-called non-cellular condition of Ceeloblasts
and Opalina might appropriately be called hypopolyeytial, the preposition
¢wo being used in a modifying sense, as expressing the intermediate stage
between one and many. The term syncytial, which is now used in a loose
sense, is strictly applicable to the early condition of the plasmodia of the
Myxomyoetes, which are formed by the fusion of many units in a monocytial
oondition, and are therefore different from organisms which exhibit a hypo-
polycytial condition. In later stages the nuclei of the plasmodia multiply by
division ; thus the hypopolycytial is added to the syncytial condition.
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Although in this passage, which is descriptive of Thallophytes,
Goebel attaches too much importance, as I think, to the con-
tinuity of a vesicle as determining the unicellularity of a plant,
he shows clearly enough that he regards the growth and mode
of extension of the protoplasm, not its division into cells, as
the feature of fundamental 1mportance.

There is the further property in plants that continuity
between the cells of highly organised multicellular plants has
been shown to be of very general, if not universal, occurrence,
And if complete separation were to be insisted upon as a
characteristic of a cell, any given Angiosperm, or other lnghly
organised plant, could no longer be considered as an aggregate
of life units, but rather as a conjunct mass of protoplasm,
imperfectly broken up into corpuscles, in each of which there
is a nucleus. It is but a step from the much-branched, multi-
nucleate Ceeloblaste, which have no partitions, to the forma-
tion of incomplete partitions, breaking up the protoplasm into
small masses, which remain, however, linked with one another,
and so preserve an original continuity similar to that of the
Ceeloblastee, which has only apparently but never actually been
broken, '

So much has this idea impressed itself on the minds of some
observers, that Hofmeister suggested that the creeping motion
of the plasmodia of the Myxomycetes and their later transfor.
mation into fructification, is representative of the simplest type
of growth even for more highly organised plants. This
opinion has been quoted with approval by von Sachs, who,
before even the continuity of the protoplasm of plant cells
was established, wrote that “ fundamentally every plant, how-
ever highly organised, is a protoplasmic body, coherent in
itself, which, clothed without by a cell-wall and traversed
internally by innumerable partitions, grows; and it appears
that the more vigorously this formation of chambers and
walls proceeds with the nutrition of the protoplasm, the higher
also is the development attained by the total organisation,”
~ Expressed in this way, the phenomenon of cell-formation is
represented to us as being nothing more than a particular
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manifestation of growth, and Mr. Sedgwick may contend that
his views are thereby conceded, and that the ancestral meta-
zoon may, on this aspect, be considered as *“ a multinucleate
infusorian with amouth leading into a central vacuolated mass
of protoplasm.” There may be truth in the contention, yet
none the less we may hold fast to the concept of a cell, as I shall
attempt to show farther on. And it may be observed in pass-
ing that Mr. Walter Gardiner, in describing and emphasising
the continuity of protoplasm in plants, expressly stated “ that
the presence of minute perforations of the cell-wall need not
lead to any modification of our general ideas as to the mechan-
ism of the cell,” a proposition which most reflective persons
will be cordially inclined to agree with. For this much is
certain, that the formation of cells is not merely the expression
of one out of many formative processes which reside in organic
matter, but is the formative process, par excellence, which
obtains both in animal and vegetable tissues.

Thus far I have endeavoured to show that the independent-
life-unit theory has not held the minds of zoologists in an iron
bondage, much less the minds of biologists, for, when reference
is made to biologists, botanists must be taken into equal
account with zoologists.

Itis, however, arguable that, whatever botanists have thought,
goologists have not followed their example, but have publicly
maintained a complete adherence to the independent-life-unit
theory in its most limited form, whatever reservations they
may privately have made in their own minds.

But it may be doubted whether the argument holds good.
[ have already shown that passages which seem to state most
dogmatically that cells are separate individuals, prove on
examination to be nothing more than illustrations ; and it is
to be remembered that ideas founded on botanical evidence
must always be reflected on the minds of zoologists, and one
may certainly say that conceptions of animal structure have
of late years been considerably modified by the light thrown
upon organic structure in general by botanical investigation.
Some zoologists may possibly have given too little attention to
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growth without division into cells, because there are not in
the animal kingdom any such striking instances of massive
growth without cell division as are exhibited by the Cceloblastz,
especially if we leave out of consideration the Mycetozoa, as
belonging to the debateable territory between the two kingdoms,
Nevertheless, we have instances of growth and mitotic nuclear
division, unaccompanied by cell division, which are not ap-
parently a mere prelude to division. Take the single instance
of Opalinaranarum. Because this organism is microscopic,
and may be described, without offence to our sense of propor-
tion, as a corpuscle, it is invariably called unicellular. Yet in
essential features it resembles one of the Ceeloblaste. It
contains numerous nuclei, which divide mitotically, and their
division is an accompaniment of the growth of the mature
organism. Themultinucleate mature condition is of considerable
duration. In the reproductive process this multinucleate
corpuscle divides repeatedly, until a number of small offspring
are formed, each containing several, usually four or five, nuclei.
The minute product of fission then encysts, and it is remarkable
that either during or immediately after encystment the several
nuclei break up, and a single new nucleus is formed,—pre-
sumably it is constituted out of the chromatin of the several
nuclei. The form which emerges from the cyst grows, and
growth is accompanied by repeated mitotic division of the
nucleus till the mature condition is reached. The whole
history reminds one of that of a Mycetozoon, except that the
young do not fuse to form a plasmodium, but simply grow up;
in this respect Opalina resembles the Cceloblaste, differing from
them, however, in the fact that the whole organism is concerned
in reproduction, not a special part. Although it has, as he
remarks, a distinct ““ development,” Zeller, who first followed
its life history, has no doubt that Opalina is a single cell.

Now the multinucleate condition is far from uncommon in
the Protozoa, and it may almost be said to be the rule in the
Ciliata, if we regard macronucleus and micronucleus as two
separate nuclei. But putting aside this phenomenon, the
significance of which we do not yet clearly understand, there
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are several Ciliata which have as many as one hundred nuclei,
e.g. Holophrya oblonga, Lagynus elongatus, and
Uroleptus roscovianus.! I do not include as multinuclear
those forms in which,as in Trachelocerca phenicopterusor
Chenia teres, the chromatin is scattered throughouttheproto-
plasm in the form of minute granules. Those Protozoa only may
be considered multinucleate in which there are several well-
defined aggregations of chromatin. And even if the Ciliata
above mentioned may not be considered truly multinucleate, but
topossess onlya fragmented nucleus, there can be no doubtabout
some Amcebe, e.g. Ameba quarta and others described by
Gruber® In the last-named the multinuclear state is con-
stant; as Gruber says, “ es sich nicht etwa um vorubergehende
Entwicklungszustinde handelt.” He watched these Amabe
for a long period, expecting that the large number of nuclei
would at last find its explanation in reproduction by multiple
fission, but he was unable to observe any such culmination.
Dr. Gruber is a great authority, and he, equally with Zeller
and others, is quite positive that the multinuclear Protozoa
are truly unicellular. His reasons are, that closely allied
species are uninuclear, and that the protoplasmic body is con-
tinuous—contained in the case of Ciliata by a single cuticular
coat. But even he admits that the only reasonable interpreta-
tion of the multinuclear condition is that it is a prelude to
reproduction, that is, to cell division.? It is, therefore, a con-
dition intermediate between the unicellular and the multi-
cellular condition, or, as I should like to call it, a hypopoly-
cytial condition, and nothing more need be affirmed of it.
Zeller is quite precise as to his reasons for regarding
Opalina as unicellular. “ Die kleinsten Thierchen aller be-
kannten Opalinen, so wie sie von Neuem sich zu entwickeln
beginnen, besitzen nur einen einfachen Kern und entsprechen

! Maupas,  Etudes des Infusoires ciliés,” ¢ Arch. Zool. exper. et gen.’ (3),
i, 1883.

3 ¢ Zeit. fiir wiss. Zool.,’ xli, p. 186.

3 Aug. Gruber, “ Ueber vielkernige Protozoa,” ‘Biol. Centralblatt,’ iv,
p. 710.
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unzweifelhaft, wie Engelmann schon fiir die von ihm untersuchte
Art nachgeweisen hat, ¢ morphologischvollstindig einer einzigen
Zelle’ Aber auch mit der weiteren Entwicklung @ndert sich
daran nichts. Mag die Zellhaut zu einer aus vielen einzeln
zerlegbaren Bandern bestehenden muskulGses Hiille werden
und mag der Kern in zwei Kerne zerfallen, wie in O. similis
und O. caudata, oder durch fortgestzte Theilungen eine
schliesslich sehr grosse Menge von Kernen aus sich hervorgehen
lassen, wiein O. ranarum, Q. obtrigona und O. dimidiata,
die protoplasmische Korpersubstanz selbst zeigt
keine weitere Verdinderung als die der Massen-
zunahme und blebt, wie auch Engelmann hervorhebt,
¢Zeitlebens eine einzige zusammenhiingender Masse,
wie von eine einzigen Zelle.’”” I haveput the last passage
in italics, because it expresses most clearly why Zeller and other
authors regard multinucleate forms as unicellular, namely
because the protoplasm shows no other change than increase
in size, and because it remains, its life long, a single con-
tinuous mass. The same argument leads many to regard the
Ccloblastze as unicellular. The continuity of the protoplasm,
then, is the test of unicellularity.

If anybody accepts this, he cannot escape from its logical
consequences. Not only are multinucleate Protozoa and
Celoblaste unicellular, but also the whole kingdom of plants,
for their protoplasm is continuous: the developing Peripatus
is unicellular, for its protoplasm is continuous ; the epithelial
cells of many animals, as Max Schulze, Pfitzner, Klein,
Paulicki, Th. Cohn, and others have shown, are united by fine
protoplasmic processes much as are the cells of plants, therefore
the epithelia are unicellular, for their protoplasm is continu-
ous. The same may be said for muscle cells (Werner and
Klecki), for connective tissue, for bone cells, for the developing
mesoblast of Vertebrata (teste Sedgwick, Assheton, and
others), for the mesoblast (mesenchyme) of trochospheres and
Molluscan larvee (see particularly von Erlanger), and for many
other tissues.

Thus the inevitable result of an argument which is meant
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by those who use it to tighten the bonds of the cell-theory is
to loosen them altogether, and to hand us over unbound to
Mr. Sedgwick, who would fetter us once more with a new
doctrine, vis. there is no cell, all organisation is a specialisation
of tracts and vacuoles in a continuous mass of vacuolated pro-
toplasm.

‘We donot want to be bound, at least I donot, and if we are
to be free we must take refuge in some such lax but compre-
hensive statement as that of von Sachs, vis. that cell forma-
tion is a phenomenon very general in organic life ; but even if
we must regard it as only of secondary significance, it is the
characteristic expression of the formative forces which reside
in organic substance.

Now this statement affirms the existence of cells, and it is
necessary to arrive at some understanding as to what is a cell ;
what properties are connoted by this term ?

It has become abundantly evident in the course of this
argument, that whatever other attributes may be affirmed of
the cell, the possession of a nucleus is one of the most im-
portant.. It is impossible to disagree with Pfitzner when he
writes, ‘“ Wenn wir aber den Kern iiberall und zwar immer
und in allen Stadien als durchaus selbstiindiges Gebilde finden,
so ergiebt sich deraus dass er fur das Bestehen der Zelle
als solchen ein Organ von wiel fundamentaler Bedeutung ist
als wir bisher geneigt werden anzunehmen.” This is also the
view of O. Hertwig, and it is no new one, for Max Schulze
insisted upon it, and Hickel wrote in 1866, “ Ein Plasmak-
lumpen ohne Kern ist keine Zelle mehr.”

But can we follow Pfitzner when he goes further and says,
“ bei einer so ausserordentlich Konstanz in der ganze Reihe
der Thierformen, von den Protozoen bis zu dem Menschen,
kann ich nicht umhin auzunehmen dass iiberhaupt die ganze
Existenz eine Zelle als biologische Einheit an das Vorhandsein
eines centralen Korpers, von komplicirten inneren Bau,
gebunden ist, dass also die Chromatinstrukturen nicht etwas
sekundédren erworbenes, sondern die Grundbedingung vitaler
Existens der Zelle darstellen. Und weiter folge ich hieraus



A ORITICISM OF THE CELL-THEORY. 161

das der als Karyokinese bezeichnete Vorgang nicht ein spe-
cielle Kerntheilungsmodus, sondern der Kerntheilungsmodus
xar’ éoxny ist”?

I think not. Particles of chromatin scattered through the
protoplasm do not constitute a nucleus any more than a heap
of bricks constitutes a house. Under such a view, Ciliata like
Trachelocerca phanicopterus and Cheenia teres would
not be cells, for they have no central nucleus of complex struc-
ture, nor have Oscillaria and Bacterium, in which chromatin
granules have been discovered. Though the case of Holos-
ticha scutellum, in which scattered nuclei (chromatin par-
ticles) unite and fuse to form a single central body or nucleus
previous to division, may help to clear our ideas, it is evident
that the demand for a central organised constituent is
more than the cell conception can bear, especially if the
demand carries with it a further demand for the universality
of mitotic division in nuclei.

In short, before we could accept Hertwig’s definition of
a cell, we should have to ask and answer the question, What
is a nucleus?

Here I may stop to ask whether it is worth while to discuss
the grounds of a definition which, when made, could not be
acceptable to the mind of everyone. An argument about
definitions would soon land one in the regions of scholasticism,
and I have no desire to enter into subtleties which would tax
the powers of a Duns Scotus. To give an answer which shall
be beyond all cavil to the question, What is a nucleus ? would
be about as easy as to answer how many angels can dance on
the point of a needle.

The truth is that it is the attempt to frame short concise
definitions, applicable without exception to whole classes of
phenomena, which leads to trouble. The concepts of biology
may and should correspond with the phenomena we observe,
but they can very seldom be made into universal propositions.
There is no place in the science for definitions as exact and
universal as those of geometry. The qualities of a nucleus are
not to be defined like those of a point or a line. Such propo-
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sitions as we may make are but resting-places for our minds
as we ascend the mazy scale of organisation. To attempt to
form definitions, to predicate the precise attributes of whole
classes of phenomena, is to run counter to the very genius of
the subject. For what do we mean by evolution if not that
life is labile, never resting, protean in its variety? And how
can we express this but in an incomplete way, contenting our-
selves with particulars, and trying to show that the stream,
though it flows in many tortuous channels, is one stream
nevertheless.

Cells and nuclei are protean in their variety, and since we
very rightly insist on objective study as a preliminary to the
understanding of them, it is not wonderful that they should
give rise to this concept in the mind of one man, and to that
concept in the mind of anothgr man, and thus it is not sur-
prising that the theory of cells should be incapable of being
stated, as Mr. Sedgwick complains, ‘“in so many words in a
manner satisfactory to everyone.”

It is fairly obvious that Mr. Sedgwick’s quarrel with the
cell-theory began with the dissatisfaction which he felt when
he discovered that doctrines, which he believed to be of uni-
versal application, were in fact contradicted by several instances.
But he fell out of Scylla into Charybdis when he supposed
that he could reply to a universal affirmative by a universal
negative. ,

There is an old and respectable rule of logic that of two
contrary propositions both cannot be true and both may be
false, whilst of two subcontrary propositions both may be
true but both cannot be false. Had Mr., Sedgwick remem-
bered this, he would not have attempted to overthrow the
cell-theory by the statement of a contrary proposition of
equally universal import.

The cellular theory of development in the popular form in
which it is often presented may be briefly summed up some-
what as follows. The multicellular organism is a colony, con-
sisting of an aggregation of separate elementary parts, vis.
cells. The cells are independent life units, and the organism
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subsists in its parts and in the harmonious interaction of those
parts.

The falsity of this summary is evident when we consider
the known facts of vegetable organisation ; the development
of Peripatus; the union, by means of protoplasmic processes,
of epithelial, muscular, and connective-tissue cells; the evidence
lately adduced as to the continuity of the mesoblast in Elasmo-
branchs, Aves and Mammalia, and other well-known instances.

The absolute contrary, as expressed by Mr. Sedgwick, is
equally false, viz. that the metazoon is a continuous mass of
nucleated vascular protoplasm, subsisting in the unity of its
mass. For, as I have shown in the earlier part of this essay,
there are unequivocal instances of distinct isolated cells
occurring in the embryos of many Metazoa (Nereis, Unio,
Umbrella, Leptoplana). Moreover Iam convinced, by my own
studies on the histology of Ccelenterates, that, whilst there is
organic connection between many of the tissue-cells composing
these organisms, as was demonstrated long ago by the brothers
Hertwig, there are many other cells of which such continuity
cannot be affirmed.

To deal clearly with the cell-theory, or rather with the inde-
pendent-.life-unit theory which has grown out of it, we must
split it up into as many separate propositions as it contains.
These are :

The maulticellular organism is an aggregate of elementary
parts, viz. cells.

The elementary parts are independent life units.

The harmonious interaction of the independent life units
constitutes the organism.

Therefore the multicellular organism is a colony (cell-
republic according to Hiickel).

It is not necessary to follow the theory further into the
consequences which are deducible from these propositions,
e. g. that development consists in the separation of numerous
individual units from a single primary unit, the ovum. It is
obvious that the truth of the first proposition in no way
depends on the truth of those which follow, and that, in fact,
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the second proposition is an assumption which is made to
explain the first. We may make Mr. Sedgwick a present of
the last three, whilst we retain and value the first.

The essence of the whole question is this: are we justified
in considering the elementary parts of an organism to be
independent life units ? Before we can answer this, we must
inquire why we do consider them to be independent life units?

The answer to this is probably to be found in the aphorism,
which commends itself to everybody, that reproduction is
discontinuous growth. From the observation that, in
unicellular organisms, division of the unit—the cell-corpuscle
—leads to the liberation of a new and independent unit, and
that in multicellular organisms it is the liberation of an
independent unit—the ovum—which constitutes reproduction,
it has become a settled conviction in men’s minds, that division
of a cell-corpuscle means the liberation of a new unit, that is,
the setting free of a new independent being. It is this con-
viction which has led to the belief that the units composing a
multicellular organism are in posse independent beings,
though in esse subordinate to the whole of which they form
a part. This was the argument of Schwann when he wrote
the passage which I have quoted on p. 149, and the argument
has been taken as conclusive.

But we know now that the power which Schwann and his
followers limited to cells is inherent in protoplasmic masses
not divided into cells. For instance, if the cell-membrane
of a Ceceloblastic alga is ruptured, portions of the exuded
protoplasm, provided they contain one or more nuclei, may
become, after a time, surrounded by a new cell-membrane,
grow, and form a new plant.

The experiments of Gruber show also, that portions of
Amebee artifically separated may, provided that they contain
nuclear substance, recover from the operation, and lead an
independent existence.

May I ask, in parenthesis, whether there can be a better
illustration of the truth of the contention which I have en-
deavoured to establish above, that whilst a uninucleate cor-
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puscle of protoplasm is in esse as also in posse a unit of
independent vitality, a multinucleate corpuscle or mass of
protoplasm is in posse composed of separate cells (units of
independent vitality if one chooses to call them so) whilst still
in esse a single unit of independent vitality ?

To continue the subject. We now know also that division
into cells is not necessarily, though it sometimes may be,
division into units of independent vitality, but is often (may we
not say generally ?) incomplete separation into form elements
which may indeed, under certain conditions, be completely
separated, and exhibit an independent vitality (Begonia), but
under normal conditions participate in the vitality of the whole
plant or animal by means of their connections with their
fellows. Hence we must conclude, as it seems to me, that the
elementary parts of organisms are not independent life units
in esse. They may be soin posse in many cases, but as
differentiation and specialization progress they lose this power
also, and cannot, when separated from the whole of which they
form a part, exhibit independent activities.

This consideration leads to the apparent paradox, that the
higher the organisation the less conjunct and, at the same
time, the less independent are its parts ; the lower the organisa-
tion the more conjunct, but also the more independent are its
parts.

This is a puzzle which has, for years past, exercised the
minds of biologists. There is, I believe, but one solution of
the difficulty, and it is to be found in the physiological import
of cells.

But before we can enter into this question we must finally
satisfy ourselves, as far as circumstances allow, about the
morphological concept of a cell.

That the cell is a thing cognisable, and that it is not an
unreal figment, due to imperfect observation or to hopelessly
prejudiced interpretation of our observations, as Mr. Sedgvnck
would make us believe, I will try to show.

A cell is a “body,” and therefore an external cause to which
we attribute our sensations. I would submit that, without
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prejudice to the metaphysical standpoint, we must conceive
that what is capable of giving rise in us to such very distinet
sensations, must have a real existence. I am referring now to
the coniponent’parts of the tissues of higher animals and plants,
and not to unicellular organisms.

If, then, the thing has existence, it must have attributes ;
we must be able to affirm something of it. What we have to
affirm is not the attributes of this cell or of that cell, but of
cells in general. We have to give expression to a morpho-
logical idea, in the sense in which Goethe used the word
morphological. Our concept of a cell must be an ‘ Allgemeines
bild,” the generalised idea of a cell, derived from our ex-
perience of many kinds of cells. I have already shown, at
sufficient length, that we must now regard something of the
nature of a nucleus as an essential component of all cells, but
as the concept of a nucleus as a central organised body is not
applicable to all cells, I would widen Max Schulze’s definition
by saying that ‘““a cell is a corpuscle of protoplasm, which
contains a specialised element, nuclein.”” This is a sufficiently
comprehensive statement of our “ Allgemeines bild,” though
I cannot pretend that it is not open to objection.

Cells, as thus defined, are not only of various kinds, but
they are variously compounded together. We may, by the
process of dichotomous division, classify them, according to
their relations to other cells, as discrete and concrescent.

By discrete cells, I mean those whose protoplasm is not
in union with that of any other corpuscle.

By concrescent cells,I mean corpuscles whose protoplasm
is in union with that of other corpuscles.

Discrete cells may further be divided into:

Independent cells, living wholly apart from one another,
or separated by an appreciable interval of space, e.g. uni-
nucleate Protozoa, the mature ovum, leucocytes.

Coherent cells, which are in close apposition to others,
but not organically in union with them, e. g. the blastomeres of
many developing embryos.

Concrescent cells may also be further divided into :
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Continuous cells, whose protoplasm is fused but whose
nuclei are separate, e.g. Myxomycetes, Celoblaste,
Opalina.

Conjunct cells, those which having a protoplasmic body
of definite outline are united inter se by fine bonds of proto-
plasm, e.g. vegetable tissue cells, epithelial cells of many
animals ; mesenchyme cells, &c.

Experience shows us that independent cells may, in process
of growth, give rise to coherent cells, continuous cells, con-
junct cells, or to all three together, and that coherent, con-
tinuous, or conjunct cells may, and in fact do, give rise to
independent cells. As thus stated, can there be a better
illustration of von Sachs’s principle that cell-formation is an
accompaniment of growth ?

It will be observed that, in adhering to the present termi-
nology, I am obliged to classify organisms usually (though not
always) called unicellular as multicellular. I have tried to
escape from this necessity, but the limitations of language
compel me to it. I should be grateful for a better and more
logical definition.

The view of Mr. Sedgwick—if I do not misrepresent him—

" is this, that there are no coherent cells; that all which I have

classified as continuous and conjunct cells are not cells, but
tracts of protoplasm; that the only cell, sensu stricto, is
the independent cell, and that morphologically and physio-
logically it is of no consequence.

I have already shown that there are cells which we must
regard as coherent. I cannot, for reasons which I will explain
directly, consider the independent cell of no consequence, and
the difference between us as to conjunct cells is simply this :
Are they to be regarded as one or many? I can, perhaps, best
express this difference by an illustration.

Is a house to be regarded as one room or composed of
separate rooms? A room is a certain portion of space enclosed
by walls, ceiling, and floor; but it is also in connection, by
means of the door, with other similar rooms. Is it, then, not
a separate room, but part of a larger room? Or if I shut the
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door is it a room, and if I open the door is it no longer a
room? The subject might be argued with much ingenuity,
but the final answer is this—that “room ™ and “cell” are
terms which give expressions to certain states of our conscious-
ness, and for practical purposes they are very useful terms
indeed. Where distinct states of consciousness are called up,
of such a nature as to give rise to ideas of particularity, it
is a mere quibble to argue that the apparent parts are actually
merged in a whole. A cell is none the less a cell, in the sense
of a thing distinct in itself, because it is conjunct with its "
fellow cell, than my room is the less a room because it has
one door opening into an adjoining room and another opening
into the passage.

Yet there is something more than a verbal quibble in Mr.
Sedgwick’s contention. He would have it that in the case of
mesenchyme it is incorrect to say that it is a number of stel-
late cells joined to one another by their processes. For him
the correct description is, ““a protoplasmic reticulum with
nuclei at the nodes.” Does he accept the logical consequences
of this, and say of the epithelial cells of the Salamander or of
unstriped muscle fibres that they are protoplasmic reticula
with nuclei at their nodes? And if so, how does he explain
the fact that, in the one case and in the other, the elements
when absolutely isolated by appropriate methods show a re-
markably constant and characteristic form? Were they what
he describes, rupture of the internodes of the reticulum would
result in amorphous lumps of protoplasm, not in units of
characteristic form. It is the constancy of the various forms
of cells which convinces morphologists of their individuality
as form elements, and all the arguments which Mr. Sedgwick
or anybody else may choose to bring forward will not convince
the man who goes into a laboratory, makes a few maceration
preparations, and studies the results for himself.

Thus a tissue formed of conjunct cells is made up of many
and not of one, and as a form concept the cell holds its ground
and, pace Mr. Sedgwick, it will continue to hold its ground
against all comers.
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As a physiological concept it is hardly less useful, though
reflection may induce us to abandon the ‘ cell-republic”
theory, as, indeed, it has been tacitly abandoned by many.
I take it that the scheme of von Sachs very nearly expresses,
in general terms, the physiological importance of the cell.
An organism is a protoplasmic body, coherent in itself, which
grows, and as it grows it is divided by cleavage into innu-
merable corpuscles, and it appears that the more vigorously
this formatien of corpuscles proceeds with the nutrition of the
organism, the higher also is the development attained by the
total organisation. Nor does this statement stand in any con-
tradiction to the original theory of Schwann, from whom I
may quote two more passages : ‘‘ The elementary parts of all
tissues are formed of cells, in an analogous though very
diversified manner, so that it may be asserted that there is
one universal principle of development for the elementary
parts of organisms, however different, and that this principle
is the formation of cells.” And again, he says of the relations
of cells to one another, ¢ Each cell is within certain limits an
individual, an independent whole. The vital phenomena of
one are repeated, entirely or in part, in all the rest. These
individuals, however, are not ranged side by side as a mere
aggregate, but so operate together in a manner unknown to
us, as to produce a harmonious whole.” It should be remem-
bered that Schwann regarded cells as so many separate vesi-
cles, and when allowance is made for this error, the second
part of the last passage must be allowed to have great signifi-
cance., The subordination of the parts to the harmonious
whole, leading to the loss of individuality of the parts, in
animal tissues, was insisted on by Hackel in his ¢ Generelle
Morphologie.” The first of the two sentences which I have
quoted from Schwann is even more true to-day than when it
was written, for we have got rid of the cell-forming matrix,
the cytoblastema ; and I would wish to insist on this passage
as expressing in the clearest possible language the cell-theory
as we understand it to-day.

From this standpoint we can see, obscurely it may be, why
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cell-formation accompanies differentiation with growth of the
mass, and why specialisation is not possible in continuous
tracts of protoplasm. For, as Mr. Sedgwick himself admits,
in a continuous mass of protoplasm, changes of molecular
constitation in any one part would in time spread through
the whole, so that a differentiation of one part would in time
be impressed on all the other parts, and physiological division
of labour would be out of the question. The fact that in the
Protozoa there is differentiation within the limits of a single
corpuscle presents no greater difficulty than the fact that in
the epithelio-muscular cells of Ccelenterates, or the similar
cells in Nematodes, there is differentiation within the limits of
the cell.

Again, metabolism in a large mass is greatly facilitated by
its being broken up. Asvon Sachs says, “ It is very intelligible
that not only the solidity but also the shutting off of various
products of metabolism, the conduction of the sap from place
to place, and so forth, must attain greater perfection if the
whole substance of a plant is divided up by numerous transverse
and longitudinal partitions into cell chambers.”” The same
thing applies, mutatis mutandis, to animals, and it is not
difficult to see that the difference between holozoic and holo-
phytic nutrition makes it impossible for the animal to grow
to a large mass without division into cells, whilst such growth
is possible in the case of plants which, like Codium and
Caulerpa, live in water, or like Botrydium in damp earth.

It is known that the spaces between epithelial cells which
are traversed by the connecting strands of protoplasm, and
were formerly supposed to be occupied by a cement substance,
arein reality lymph spaces, and this gives us some insight into
the importance of the cell structure in animal organisation.
The formation of cells with spaces between admits of nutrient
fluid being brought to the very threshold of each constituent
corpuscle of the organism. (See on this subject Th. Cohn,
R. Heidenhain, Paulicki, Nicolas, Werner, and others.)

Whilst the necessities of cohesion, solidity, and transmission
of stimuli may explain the conjunct nature of so many tissue
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cells, recent researches on cell lineages may perhaps give us
a clue to the interpretation of the fact that blastomeres are
in 80 many cases, no more than coherent. For it is noticeable
that wherever cell lineages, with marked isolation of the blasto-
meres, have been described, there is a decided tendency to the
precocious development of organs, or, at any rate, to the pre-
cocious isolation of the primordia (Anlage) of organs.

It seems probable that the discrete condition of the blasto-
meres is connected with the fact, to which I alluded in the
earlier part of this essay, that they are, from the very outset,
specialised. They have each a definite molecular constitution
different from the others, and, in figurative language, a
limited part to perform, which they could not perform to
advantage if they were conjunct with the other blastomeres
and shared in their different molecular constitution. But
this is a subject which I must leave for a future occasion when
I discuss the validity of von Baer’s law of development.

I have travelled in this essay over a great deal of ground,
and I have necessarily had to touch more lightly on many
topics than I should have wished. I hope that I may at
least have succeeded in presenting my arguments in a manner
which will make them clear to my readers, and that I have not
been too discursive. Starting from Mr. Sedgwick’s propositions
and accusations, I have tried to show what is or was the exact
extent and meaning of the cell-theory ; I have tried to examine
it and show how much was good and how much bad, and I
have finally been led to the conclusion—which is not quite
what I proposed to myself at the outset—that the cell concept
is a valuable expression of our experience of organic life, both
morphologically and physiologically, but that in higher or-
ganisms cells are much what von Sachs declares them to
be, not independent life units (Lebenseinzelheiten), but a
phenomenon so general as to be of the highest significance ;
they arethe constant and definite expression of the formative
forces which reside in so high a degree in organic matter.

Lest I should appear to have minimised the importance of
the cell too much, let me conclude by saying, that nothing
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which has appeared above calls into question that great feature
of animal and plant development which most impresses the
biological student, viz. that organic growth is a cycle, beginning
in the single cell, and returning to the single cell again. And
therefore, in a limited sense, the cell is par excellence the
unit of life. Its growth takes various forms and shows many
complexities, but whatever the form, however great the com-
plexity, it is a progress from the state of an independent
corpuscle, through a state of many coherent, or continuous,
or conjunct, interdependent corpuscles, back again to the state
of a single independent corpuscle.

This was the great advance made by Remak on the theory
of Schwann, and summed up in Virchow’s aphorism, which I
believe to be universally true. For Schwann did not hold that
cells are the ultimate basis of life: he held that they are
formed, as a crystal is formed out of its mother liquor, from a
structureless matrix, the cytoblastema. To some such theory
Mr. Sedgwick wishes to take us back again, for his ¢ pale and
at first sparse reticulum * bears a most suspicious resemblance
to the exploded cytoblastema. * The development of nerves,”
he says, “ is not an outgrowth from certain central cells, but
is a differentiation of a substance which was already in
position.” And earlier in his article, referring to the growth
and extension of the mesoblast between epiblast and hypoblast,
he says: ‘“ What are the facts? The space between the layers
is never empty. It is always traversed by strands of a pale
tissue connecting the various layers, and the growth which
does take place between the layers is not a formation of cells
but of nuclei, which move away from their place of origin
and take up their position in this pale and at first sparse
reticulum.”

But surely nobody ever affirmed that the space between the
layers was empty except in the sense that it is devoid of
cellular structures. It is well known that it is filled with a
coagulable fluid, and it is worthy of remark that coagulable
fluids, treated with the reagents now most in use, frequently
form a reticulum of pale non-staining substance. I can speak
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from experience, for not long since I was much puzzled by
such a reticulum, and had I been less cautious I should have
published, as a great morphological discovery, statements which
rested on a wholly insufficient basis of experience. The subject
requires further investigation, and the most that one can say
now is, that it is possible that Mr. Sedgwick, good observer as
he is, may have been mistaken. And he will pardon my
observing that the things which he states are not * facts.”
They are his own inferences from his own individual observa-
tions, and will require very abundant confirmation before they
can take rank as what we agree to regard as ““ facts.” All the
“ facts ” we have at present, i. e. the accumulated observations
of hundreds of highly-trained and able observers, are funda-
mentally opposed to any such account of protoplasmic growth
apart from nuclear formation as Mr. Sedgwick gives us. But
there is another way of looking at it, namely, that he has only
overstated his case, and that the growth of the tissues in
question resembles the apparent creeping motion of the plas.
modia of the Myxomycetes. That this may be the case is
supported by a study of Mr. Assheton’s recent account of the
growth of the mesoblast and of the inner layer of the epiblast
in the embryo of the rabbit. It presents no theoretical diffi-
culties, but it should be remarked that Mr. Assheton figures
numerous nuclei at the very edge of the growing part of his
reticula, which is consonant with what we know of proto-
plasmic growth in other cases, but not with Mr. Sedgwick’s
account.

But if Mr. Sedgwick can prove that the reticnlum is there
and that it grows and spreads far from the nuclei which sub-
sequently migrate into it, he must not suppose, as he is
apparently so ready to assume, that the inveterate prejudice
of morphologists will prevent their accepting his conclusions
becaunse of their theoretical difficulties. If his case is proved,
it will be accepted, but he must prove it up to the hilt.

And if he does prove it, what then? It will be an isolated
case, of secondary significance: merely another addition to
our experience of the very various phenomena displayed in
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organic growth. For thousands of instances point to the fact
that normal growth is effected in a very different way, by
mitotic division of the nucleus preceding and directing the
formation of a discrete or concrescent cell-corpuscle. The
recent researches of cytologists are too many, too good of
their kind, and too consistent to admit of any other conclusion.
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E. P, Perman, B.Sc., and C. F. Baker, B.Sc., of University College, London, and com-
pleted by Mr. J. T. Norman.

The Veterinary Medicine has been considerably modified, and brought more into
harmony with modern practice. The Domestic Medicine has been advisedly reduced,
and detailed accounts of many diseases and modes of treatment have been removed in
all casos in which the supervision of a qualified medical practitioner is necessary or
desirable, The gaps thus caused have been more than filled by practicable information
on first aid to the sick and injured.

The general receipts thron‘.ihont the work have been carefully revised and largely
added to, and it is believed much increased in practical value.

LONDON: J. & A. CHURCHILL, 11, NEW BURLINGTON STREET.
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TaE following quantitative study of variation is based upon counts of
the Miillerian glands of the fore legs of 4,000 swine. Our attention was
directed to these glands as favorable objects of study by Gertrude Crotty
Davenport, who had already collected some data concerning their varia-
bility. These data, together with valuable suggestions derived from her
own experience, she generously placed at our disposal. v

The positions of the Miillerian glands are indicated upon the wrist by
large openings or pits, about 1 mm. in diameter, which are found only
upon the inner aspect of the fore legs. The number of pits is variable.
Where there are several they occur, for the most part, in a single row
trending somewhat obliquely to the long axis of the leg.

Of the 8,000 legs examined, the arrangement of the glands was studied
on only 2,000 legs, 1,000 male and 1,000 female. The total number of
glands on a single leg varies from 0 to 10.- When the number is large,
some of the glands are frequently found outside the main row. In no
case have we found more than nine glands in one row. We may call
those lying outside the main row lateral glands. The lateral glands
usually (six exceptions) occur at the upper (proximal) end of the series.
Their number does not usually exceed two, but in a single case we have
found four. These four glands lay in a secondary row parallel to the
main row, which contained five glands. In one other case, where three
lateral glands were found, these lay parallel to the main row of five.
When there are two glands they may lie either in a line parallel with
the main row, or make any angle up to 90° with it. Lateral glands
occur more rarely when the total number of glands on the leg is small,
but we have found one extreme case in which the only two glands on the
leg occurred side by side, i. e. in a transverse row.
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The reduction in the number of glands takes place from one end, —
the distal end of the series. Generally, where there are only two or
three glands these occur high up and the normal diatance apart. Rarely,
however, the reduction is brought about in part by the failure to de-
velop in the middle of the series while glands develop near the extremes,
so that there is a broad hiatus in the series.

Since the proximal end of the series is that at which glands are most
likely to be formed, and since they tend to be produced more abundantly
there, this end, which occupies the region of the upper wrist, is to be
considered as the source of the morphogenic impulses which give rise to
the glands. Sometimes the embryonic Anlage does not develop beyond
this point; sometimes, on the other hand, it develops along the whole
extent of the wrist in one row, and even forms an accessory *lateral ”
row.

The total number of swine examined was, as stated, 4,000; of which
2,000 were males and 2,000 females. The total number of fore legs
examined was, accordingly, 8,000; 4,000 left and 4,000 right. All of
the observations fall, consequently, into four groups of 2,000 cases each;
namely, male right, male left, female right, female left. These four
groups will be considered, for the most part, separately.

We first determined how many legs in each of these classes had no
glands, one gland, two glands, and so on. The results are given in the

following table.
TABLE L

No. of Glands. | 0 1 2 8 4 b [} 7 8 9 |10 | Total.

d R 156|226 863 | 487 | 411| 297 |166| 78 [ 16 | 12 | 1 | 2,000
d L 14241 | 836| 430 | 429 | 295159 53 | 80 | 10 | 8 | 2,000

Total & 689 | 867 | 840 | 692 | 314|131 | 46 4 | 4,000

865 | 482 | 414| 277|184 72| 22 2 {2,000
? L 21 (213 | 361 | 438 | 432 | 288|140 69 | 16 | 11 | 2 | 2,000

» || ®

Total ¢ 836|422 | 726 | 920 | 846 685}283 141 | 88 | 19 | 4 | 4,000

Total & + 9| 656|888 | 1416 | 1787 | 1688 | 1167 | 697 [ 272 | 84 | 41 | 8 | 8,000
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In the following table, which is based upon the preceding, the num-
bers are all reduced to per milles. The two lines of totals are here,
accordingly, replaced by means. A glance at this table shows a close
parallelism between the distribution of glands in the four cases.

TABLE IL

SUMMARY PER MILLE.

No.of Glands. | 0 1 2 ] 4 b 6 7 8 9 |10

d R 7.6 | 112.6 | 176.5 | 218.6 | 205.5 | 148.6 ( 77.5 [ 39.0| 8.0|6.0 | 0.6
¢ L 7.0 | 120.56 | 168.0 | 216.0 | 214.5 | 147.5 | 79.5 | 26.6 | 15.0 | 6.0 | 1.6

Mean & 72(116.6 | 172.2 | 216.8 | 210.0 | 148.0 | 78.5 | 82.8 | 11.6 | 5.5 | 1.0

7.5|104.5 | 182.5 | 241.0 | 207.0 | 188.5 | 67.0 { 36.0 | 11.0 | 4.0 | 1.0
L |105106.5 | 180.5 | 210.0 | 216.0 | 1440 | 745|345 | 8055610

Mean ¢ 9.0 | 106.5 | 181.5 | 230.0 | 211.6 | 141.8 | 70.7 | 352 | 9.5(4.7|1.0

Mi‘;‘;%‘ d | 81|111.0176.8 | 223.4 | 210.7 | 144.7 | 746 | 340|105 [ 5.1 | 1.0

Several interesting questions now arise: |,

(1) How closely similar is the average number of glands in the two
sexes, and in the right and left leg of the same sex ?

(2) Which sex shows the greater variability, and to what extent is it
greater? Is the relation between the variability of the right and left legs
closer than that between the two sexes?

(8) How closely correlated are the numbers of glands on the right
and left legs of individuals ? That is to say, what are the chances that
a swine which has 2, 4, or 7 glands on the right leg will have the same
number on the left leg also?

1. The Relation between the Abundance of Glands and the Sex or the
Side of the Body.

The average number of glands on a leg of either sex is determined by

dividing the total number of glands counted in that leg by the number of

individuals of that sex, in this investigation 2,000. This gives us the
following result : —
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1. Average number of glandsin J R . . . . 8.547

2. “ “ “ gL . . . . 8540
3. “ “ “ R . . . . 8501
4. “ “ o L . . . . 8521

Comparing the average of (1) and (2) with the average of (3) and (4)
it appears that the average number of glands in the males (3.544) is
tolerably close to that in the females (3.511) but that a real difference
exists between the two. The glands are slightly less abundant in the
Jemale than in the male in the ratio, 100 : 100.94. The average number
of glands on the right side of the body is so close to that on the left side
(3.524:3.531) that we may conclude: The average nmumbers of the
glands on the right leg and on the left leg taken without regard to sex are
about equal.

2. Variability correlated with the Sex and with the Side of the Body.

In seeking to determine whether, in this matter of glands, male or
female swine are the more variable, it is necessary to employ & method
of stating variability quantitatively. Quetelet, Stieda, and Galton*
have employed such a method, based upon the fact that the organs of
an apimal vary about their mean dimensions to an extent and with a
frequency indicated by the probability-of-error equation,f

y=k.e "=,

Two of the principal features involved in such a distribution are that
deviations of a given size are equally apt to occur above and below the
mean, and that small deviations are more apt to occur than large ones.
These and other characters of the ‘ probability” curve are indicated in
that shown in dotted line in the -accompanying diagram. The dfagram
also shows the curve of distribution of the various numbers of glands oc-
curring on a leg, from 1 to 10. This curve is drawn from the right female
leg only ; the curve for the other legs would be very similar. We shall
speak in a moment of the method of construction of these curves; but we
want now to call attention to the fairly close similarity of the two curves,
— that gained by observation and the theoretical one, —a similarity so
close that we are justified in concluding that the law of distribution of the
variants in the leg glands of swine is the same as that of accidental errors.

# Quetelet, Lettres sur la théorie des probabilités, Bruxelles, 1846. Stieda,
in Archiv fiir Anthropologie, Bd. XIV. pp. 167-182. Galton, Natural Inheritance,
New York and London, 1889.

t See any text-book on “Least Squares.”
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This being granted, we can express quantitatively the degree of varia-
tion in the glands by determining the average deviation in the number of
glands of auy set of legs from the mean number of that set. Thus in
the right leg of the female the mean number of glands is approximately
3.5. Since there is no individual with 3.5 glands on the leg, every in-
dividual shows in the number of its leg glands a departure of at least
0.5 from the mean. Adding together the departures of every individual
and dividing by the total number of individuals (2,000) we get the mean
departure, which is known to mathematicians as the mean error, and is

indicated by the formula —?—, in which 3z indicates the sum of the

individual departures, z, and n the total number of individuals. Pro-
ceeding in this way, the average departure, as an Index of Variability,
was determined to be as follows for each set of legs: —

Average departure of 4 R . . . . . 141089
“ “ “« Q&L . . . . . 141083
“ “ “ Q@R . . . . . 136457
“ “ “ QL . . . . . 138766

These determinations indicate that the variability of the right and the
left legs, of the male is exactly the same to four places of decimals ; that
the variability of the right leg of the female is slightly less than that of
the left leg, and that the male shows a greater variability than the female
in the ratio of about 1.411 : 1.376, or 1.025 : 1.000. In other words,
the male is 2.5% more variable than the female. .

As we have seen, the variabilities of the right and of the left sides of
the male are practically equal. In the female, the left side is more va-
riable. Disregarding sex, we find the variability of the left side is to
that of the right as 1.3993 : 1.3877, or as 1.0084 : 1. That is to say,
the glands are 0.8 more variable on the left side than on the right.

Let us now compare the relative variability of symmetrical legs with
that of the two sexes. We find the variability to be greater between the
same leg (say the right) in opposite sexes, than between symmetrical legs.
The relation may be expressed by the ratio 1.025 : 1.0084, or 1.016 : 1.
These numbers indicate a closer morphogenetic kinship between the two
legs of a symmetrical pair than between the corresponding leg-in differ-
ent sexes. -

We may now briefly indicate the method of constructing the proba-
bility curve in the diagram. The abscissas represent the numbers of
glands from O to 10 on a leg, and the ordinates the corresponding number
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of individuals per mille. The mean number of glands is 8.50 and the
index of variability is 1.3646. With these data, we can draw a prob-
ability curve including about the same area as our observed curve. This
curve, the continuous line, is drawn from the equation

y=k.e 4=

h is the so called index of precision, and is equal to the reciprocal
of the index of variability divided by the square root of , thus,

h= —

T 3z .‘/7';

¢ is the base of the Napierian system of logarithms; namely, 2.1718.

k isa constant determined by multiplying the quotient of V—h__ by
ks

the interval (dz) between successive values of z, in this case, 1; thus,
hdz.

=

z indicates deviations from the mean value, and y the corresponding
ordinstes.

When x = 0, y =k, which is thus the length of the ordinate at the
mean value of z. Its value gives the percentage of cases which should
theoretically occur at the mean; it is in this case 23.3%. Like 4, £
might be taken as a measure of precision, since it increases as varia-
bility diminishes.

8. The Degree of Correlation between the Number of Glands on the
Right and the Left Legs of Individuals.

To get quantitative results in this matter we must employ a method
devised by Galton.* This method depends upon the following procedure
and considerations. Separate the right legs into as many lots as there are
degrees of deviation from the mean number of glands. These lots may
be called the subjects. Find for each of the subjects the mean deviation
in the number of glands on the left legs of the corresponding individuals
(the relative). The deviation of any subject and the deviation of the
corresponding relative are to be compared. In order to make this com-
parison instructive, we must take into account the fact that left legs (for
example) are more variable than right legs. In order to eliminate this

#* Galton’s method is explained in his paper in the Proc. Roy. Soc., Vol. XLV.
p. 186, 1884,
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difference, divide the deviation of the subjects by their index of variabil-
ity and the deviation of the corresponding relatives by their index of
variability. If now, the correlation is perfect, those causes which have
produced a deviation from the mean in the right leg will act in precisely
the same degree on the left leg also, and thus the deviation of any rela-
tive will not differ from the deviation of the corresponding subject. If,
under these circumstances, we divide the mean deviation of the relatives
by that of the subjects, the quotients will average 1. This average
quotient is called the Index of Correlation. Thus, the index of perfect
correlation is 1.

Let us suppose, on the contrary, that there is no correlation whatever
between the number of glands in any subject and in the corresponding
relative, then, no matter what the number of glands in any subject, the
number in the corresponding relative is just as apt to be large as small,
and will be equal to the average number of glands in the whole group;
in other words, no matter what the deviation of the subject is, that of the
relative will be 0. The average quotient obtained, under these cir-
cumstances, by dividing the deviation of relatives by the deviation of the
subjects, will consequently always be 0. Thus the index of entire lack
of correlation is 0.

An inverse correlation, in which a positive deviation of the subJect
from the mean shall always be accompanied by a negative deviation of
the relative, will be represented by a minus quantity. Thus the correla-
tion of any two sets of compared organs will lie between 41 and —1.
The size of the fractions lying between +1 and 0 will serve to indicate
the degree of correlation.

The quotient, r, obtained by dividing the deviation (always in units of
the average deviation) of the left legs by that of the corresponding right
will not be the same for all the lots of individuals. The true index of
correlation, B, will be found by taking the average of all the ratios,
r, 7, v, ¥’y ete. This process of finding R may be somewhat abbre-
viated from the following considerations. We have seen that

Deviat. of Rel. d,
__ Avg. Dept. of Rel. _ 4,
~ TDeviat. of Sub). 4,
Avg. Dept. of Subj. 4,

also that
1 , | S
-—’—‘(r+r’-|-r' +,_,.r")_..—;'2r,
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consequently,
i & &, &, 4,
_1(4, 4 , 4 4\ _ 154, 4,1 _d
‘"(?-.+z+z':.+-~z~: = Z =T a3
4, 4, A4, 4, A,

since 4, and A, are constant. It results from this that it is only
necessary to find the mean of the ratios of the untransmuted deviations
and multiply this by the quotient % . This saves a great many divisions,
and it has been the method pursued in our work.

" After this statement of the method of expressing correlation we now
pass to a consideration of the results obtained with the glands of the pig.
We shall consider first the correlation between the number of glands on
the right leg of the male with that on the left leg of the male.

TABLE IIL

d R CORRELATED WITH d L.

o L

Relatives. |of| 10 |20 (80 | 4r |50 |60 [7]8eor100 r’:‘s'_”:f 28 | ‘:';f ?E‘: glj
Sublects. 223 83 &3 | &2 | §
or |8] 8 o—|—|—|— —| 15(0.600—2.940'—3.547 820
1r  |4(151) 58] o 8 —!— — | 225 (1.860,~2.180,—2.547|.856
o |2| 6s|164| 98| 28] 7 1| — | 355 |2.306'—1.234'1 517|708
8 |—| 14| 88173(128] 28 6l — | 487 [3.197]0.3430.547| 627
4 |—| 8| 27\119153) 77| 26| 8| 1'—| — | 411 ;3.888 +0.348|+0.458 768
sr || 1| 17| 24] s2lion] seh| 0| — | 207 14784 +1.2611+1.458 856
6r |—|—|—| 8| 16| 68 48.16 7 0] 2 | 156 5.510:+1.970 +2.453(.803
7 |——|—=| 1| 8 20 18117 9 6| —| 78 6.141i+2.601‘+3.463 763
8 |—|—|—|—| 1| 8| 58 2 2—| 16 6.600?-{-2.960:#4453.666
o || —|—=|—|—| 1| 88 22 1| 127.883+8793+5453 696
100 |—|—|—|— --- t =] 1 ‘9.000!-}-5.460;-{-6453 846
‘I’;e‘;{l}‘g‘;’- 14/241 336|430 429 295‘159: I30 10| 8 (2,000 Mean, 72
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In this table the first column names the subjects, of which there are as
many as there are numbers of glands, viz. 0 to 10. In the succeeding
columns on a single line is exhibited the distribution of the number of
glands on the corresponding left legs. The column headed “ Means of
Lefts ” gives the average number of glauds on the left legs of the indi-
viduals which make up the corresponding subject. The column headed
“ Deviation of Rel. (d,)” gives the deviations of the corresponding
“Means of Lefts” from the mean number of left male glands. The
column “ Dev. of Subject (d,)” gives the deviation of the subjects from
their mean number. The last column is the quotient of d, divided by d,.
This gives r, ¥/, 7/, etc. The last number in the column is the mean of

all these values of . This number multiplied by ﬁ—: will give R, the
A, [ 1.41083\ . .
value sought. But i (_ i—‘tl—()8§) is nearly unity, so that the Index

of Correlation of the number of glands of the right and left legs is .772.
Galton has shown that the same ratio holds true when relative and
subject are interchanged.

By a process similar to the preceding we have found that the ratio of
correlation of right and left legs in the female is .783. This ratio is so
similar to that obtained for males as to justify the conclusion that the
tndex of correlation in variability of the leg glands is approximately equal
tn the two sexes, and s about .777.

The conclusions from this study may now be summed up. We have
in the leg glands of swine a serially arranged system of organs develop-
ing, for the most part, in one line, starting at one point, and extending
out a variable distance. On such a system of organs we investigate
quantitatively the question, How closely similar are the morphogenic
processes which determine the resemblance of these glands on the oppo-
gite sides of the body and in the two sexes? First of all, the average
number of glands is tolerably but not strikingly close on the two fore
legs and in the two sexes. The glands are nearly 1% more abundant in
the male than in the female. When we come to study their variability
we find that the variants are distributed in accordance with the proba-
bility curve, very nearly. (See diagram.) A curious lack of symmetry
results from the fact that, since the mean lies at 8.5, variation is limited to
8.5 in one direction, but is unlimited (reaches as a matter of fact to 6.5)
in the other. The degree of variability in the right and left legs is,
especially in the case of the male, strikingly similar, being 1.41089 and
1.41083 in the two cases respectively, the difference being within the
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errors of the method. The males are about 2.5% more variable than the
females. The glands are 0.8% more variable on the left side than on
the right. The relative variability of the same leg in the different sexes
is about 1.6% greater than that of the two legs in the same sex. The
degree of correlation in the variability of the right and left legs is about
a77.

CaMBRIDGE, Mass., July 25, 1896.

VOL. XXXI11. — 7
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[From the ProceEpINGS OF THE RoOYAL SociRTY, VoL. 57.]

Report of the Committee, consisting of Mr. Galton (Chair-
man), Mr. F. Darwin, Professor Macalister, Professor
Meldola, Professor Poulton, and Professor Weldon,
“for Conducting Statistical Inquiries into the Measur-
able Characteristics of Plants and Animals.” Part I
“An Attempt to Measure the Death-rate due to the
Selective Destruction of Carcinus Manas with respect to
a Particular Dimension.”—Drawn up for the Committee
by Professor WELDON, F.R.S. Received November 20,
1894.

Among the material available for thé purposes of the Committee
was a sample of Carcinus menas, from Plymouth Sound, including a
fairly large number of young females. The distribution of abnor-
malities in certain dimensions had already been determined for adult
females from the same locality (‘Roy. Soe. Proc.,” vol. 54, pp.
318—329) ; and it seemed worth while to compare the frequency of
abnormalities in young individuals at various stages of growth with
the frequency of the same abnormalities in adult life, so as to deter-
mine whether any evidence of selective destruction during growth
could be discovered or not.

About 7000 females, varying in length from 7:00 to 1395 mm.,
were chosen (at random, except as regards their size), and two
Aimensions were measured in each. The results were then compared

rith those of the corresponding measurements, made upon & sample
£ 1000 adult females from the same locality, which are recorded in
bhe paper just referred to.

b
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The dimensions chosen were:—(1) the frontal breadth”—the
distance in a straight line between the tips of the extra-orbital teeth
of the carapace (from the point A, fig. 1, to the corresponding point
on the opposite side); and (2) the ‘ right dentary margin,” measured
in a straight line from the apex of the first to that of the last
lateral tooth (from A to B, fig. 1). The “length” of each crab was
taken as the length of the carapace, from the tip of the middle inter-
orbital tooth to the posterior margin (from C to D, fig. 1). This is,
of course, not the total length of the body; but the curvature and
flexibility of the abdomen render an exact determination of the real
body length very difficult.

Fia. 1.

In order to compare the variability of a dimension in crabs whose
carapace is only 7 mm. long with that of the corresponding dimen-
sion in adult crabs, whose carapace length is from 40—50 mm. or
more, it is evidently necessary to adopt some method of picturing the
.crabs as of one standard size; and accordingly the measures obtained
have always been expressed in terms of the carapace-length of the
crab to which they belong, taken as 1000. The measurements were
made hy means of a screw, of 1 mm. pitch, carrying the object across
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the field of a microscope, and by means of graduations on the head
of the screw the observations were recorded to the nearest hundredth
of a millimetre. It is believed that the probable error of any obser-
vation is not much more than one hundredth of a millimetre. In
order to minimise the effect of errors of observation, the results, after
being expressed as fractions of the carapace-length, were sorted into
groups, such that the measures in each group did not differ by more
than 0004 of the carapace-length, and all measures in the same group
were treated as identical. The unit employed in tabulating the
results was therefore 0004 of the carapace-length; but in what
follows the results are expressed, for the greater convenience of the .
reader, in thousandths of the carapace-length. It will be noticed
that the principal effect of this alteration upon the results is to
diminish their apparent regularity—an aberration of one unit of
measurement appearing as four units in the tables below.

1. Variation in Frontal Brethh.

An initial difficalty in determining the error of distribution of
frontal breadths about their mean in young crabs, arises from the
great rapidity with which the mean itself changes during growth.
The mean frontal breadth in the smallest specimens was found to be
85314 thousandths of the carapace-length, while at maturity it is
only 604:94 thousandths. The rate at which this change occurs can
be gathered from the following table of the crabs measured, and the
same result is graphically shown in fig. 2

From this table it appears that the mean frontal breadth changes
at such a rate that when the carapace-length has increased 0'2 mm., the
frontal breadth has almost always diminished by less than four thou-
sandths, that is to say, by less than one of the units of measurement
here employed. For the purpose of the present investigation the mean
was therefore considered stationary during every period of increase
in gize of not more than 0'2 mm., and the young crabs were accord-
ingly sorted into groups, the individuals of each group differing by
less than 0 2 mm. in respect of their carapacelength. The distribu-
tion of frontal breadths about the mean was then examined in each
group separately.

As the difference in size between the largest and the smallest of
the growing crabs was 7 mm., it follows that the material was divided
into thirty-five groups. This subdivision of the material had great
disadvantages, because, instead of a single group of over 7000 indi-
viduals, varying about the same mean, from which a fairly reliable
indication of the law governing frequency of deviation might have
been expected, the average number of individuals in any one of the
available groups was only 200 ; and from so small a number of obser-

—— . e - -- - . -

N
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Table .—Mean Frontal Breadth (F') expressed in thousandths of the
Carapace-length, corresponding to various Carapace-lengths (C),
together with the Number of Individuals on which each Deter-
mination is based.

C. F. Number. C. F. Number.
71 85314 159 107 79801 225
73 852°43 186 109 79496 162
76 850 ‘89 172 11'1 792°14 223
77 84427 142 113 789 26 218
79 844 22 132 118 78926 230
81 837°13 224 117 78607 211
83 835 41 219 1i- 784638 225
85 830 -08 214 121 782-42 224
87 82680 207 12°3 780 92 226
89 82375 214 12°6 778 -39 219
9-1 821 26 191 127 77276 183
9-3 818°33 205 12°9 771-62 233
95 815 -89 214 13°1 770-36 131
97 811 60 196 133 769 86 162
99 809 ‘95 226 185 767 70 158
10°1 809 27 245 187 762-51 201
103 803 -21 253 139 768 47 211
10°5 80053 232 (Adulty (604 94) (998)

[Note.—The carapace-length given in the table is the mean of all lengths
included in each group. For example, the entry 7-1 includes all crabs measured
in which the carapace-length was between 7°00 mm. and 7:19 mm., and so on.]

vations no satisfactory demonstration of the law of variation at any
given moment of growth could be obtained. Nevertheless it was
necessary, before proceeding further, to ascertain with some certainty
what the law of variation through the whole series really was. The
belief in which the work was undertaken was, that the law of varia-
tion would be found throughout to be that of the ordinary probability
equation ; and this belief was tested in the following way :—In each
of the thirty-five groups, the arithmetic nrean of the frontal breadths,
and the mean of all the deviations from it, were determined; and
from the “mean error” found in this way the modulus of the
probability function was calculated. Then, by calling the mean of
each group zero, and expressing the deviations from the mean in
terms of the modulus, a number of curves were obtained, in each of
which the modulus was unity and the mean zero; a similar carve of
adults was constructed, and the corresponding ordinates of all the
thirty-six curves so obtained were added together. It is evident that,
if the chance function really expresses the law of variation throughout
the series, then the curve resulting from the treatment described will
be a symmetrical probability curve of unit modulus, The actual
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F16. 3.—Distribution of Frontal Breadths in 8069 Female Crabs from Plymouth
Sound, old and young. Deviations expressed in terms of the Modulus. The
three cases of deviation greater than three times the Modulus are omitted.

deviations and that indicated by the probability integral is fairly
close. The mean error of the observed curve is 0'5621, whereas it
should be 1/./» = 0-5642, the difference between the two figures being
less than 0°5 per cent. The error of mean square is 0'7123, instead of
0-7071, a difference of less than 1 per cent. The sum of the squares
of the positive deviations is 2115. The sum of the negative devia-
tions is 1992. The total number of individuals of deviation more than
01 is 3593 on the positive, 3574 on the negative side, a difference
of about one-half per cent.

On the whole it may be said that the result agrees with that given
by the theory of probability as well as could be expected from the
number of observations, and that the law of frequency of variation
throughout the series may, as was hoped, be assumed to agree with
the ordinary law of chance.

From the result so far obtained it followed that a determination
of the quartile deviation, or any other of the constants of the pro-
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Table IL.—Frequency of all Observed Deviations from the Mean
Frontal Breadth in 8069 Female Crabs, young and adult, from
Plymouth. The Deviations expressed in terms of the Modulus.

.. ‘e . Observed Theoretical
Limits of deviations. Mean deviation. frequency. frequency.

Over +8°29 +4-790 2 )

From +38°10 to 38°29 +8 -280 1
,» +2°90, 809 — 0
» +2770 , 2°88 +2°880 1 12
. +2°60 , 269 +2°575 4
» +2°80, 2°49 +2+365 4
w +2°10, 229 +2-207 4
. +1:90, 209 +2003 28 17
W +10, 189 +1-788 46 36
. +150, 169 +1-698 1 71
v +1:80 . 149 +1°395 187 129
w +1:10, 1-29 +1-205 194 217
, +090, 109 +1-006 295 336
w +070, 089 +0°-805 493 481
. +0°50, 069 +0 589 649 635
» 40730, 0°49 +0-391 769 4
w +0°10, 0-29 +0-191 896 872
. +0°09, —0°09 —0-011 902 . 907
» =—0°10,, 0°-29 -0-2138 814 872
» =030, 049 —0-404 862 774
. —050, 069 ~-0°611 626 635
n =070, 0°89 —0-808 517 481
» =090, 1-09 -—1-000 299 336
o =110, 1-29 —1-194 219 217
. =180, 1-49 —1-403 118 129
w =150, 169 —1-589 &8 71
» =170, 1-89 -1-808 33 36
» =190, 209 —-3-016 18 17
., —2°10, 229 —2-210 1 ]
n =280, 249 —2868 4
., =250, 269 —-2-520 3 L 12
., =20, 2°'89 —2-760 1 {

Over —4°450 1 J

bebility equation, would be a trustworthy guide to the frequency of
abnormalities at various periods of growth. But just as the indi-
vidual groups were too small to allow of a determination of the law
of abnormality in each, so they were too small to give trustworthy
values of the quartile. The quartile deviation changes so slowly with
growth, that it may without serious error be assumed to be constant
during the period represented by 1 mm. of growth in carapace-
length : that is, through the period covered by five of the groups
into which the growing crabs were sorted. Therefore, after the
quartile deviation had been determined in every group, the results
were arranged in fives, and the mean of every consecutive five was
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taken asthe quartile deviation through 1 mm. of growth. The results
are shown in Table IIL

Table IIL.—Quartile Deviation of Frontal Breadths (Q) for various
Magnitudes of Carapace-length (C).

C. Mean Q.
75 922

86 9 83*
95 9 51
106 9-58
1i°5 10-25
12°5 10-79
136 10-09

(Adult) (9 96)

The values here given are probably not very reliable, but they
show that in the youngest individuals the quartile deviation is dis-
tinctly less than at maturity; that it increases with increase of size,
until a time arrives when it is distinctly greater than in adult life;
and that finally it diminishes again.

The initial features of this result,—the smallness of the quartile
error at a young age, indicating relative infrequency of deviations,
and the increase during growth, have been observed by Bowditch in
the case of human stature. The result obtained by Dr. Bowditch
and that here described are both simply confirmations of Darwin’s
statement, that many variations appear at a late period of develop-
ment,.

The initial increase in the quartile error may be attributed to the
fact that average young produce upon the whole average adults,
while animals which exhibit a deviation of known amount in the
young state, exhibit on the whole a greater deviation with advancing
age. If this view be the true one (and it is hoped that next year it
may be possible to test it by observation of living crabs, which can
be measured at various periods of growth), then, in a Plymouth crab,
which is of unit deviation when its carapace is 7 mm. long, the most
probable deviation when it has grown to be 12'5 mm. in length will
be 10-79/9-42 = about 1'15 units. The probable error of this expec-
tation is the expression of irregularities in the rate of growth, which
cannot at present, for want of knowledge, be adequately discussed.

From the age represented by a length of 12:5 mm., the quartile

* Of the four very abnormal values shown in the table, three ocourred in this
group. They have been omitted in the determination of the quartile deviation,
which would otherwise become 9°92.
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error diminishes, and the parallel between the behaviour of the
frontal breadth in Plymouth crabs and that seen by Bowditch in the
stature of civilised human beings ceases to hald. The obvious sug-
gestion by which to account for this seems to be that in the United
States, where Bowditch made his observations, human beings are
under conditions of such civilisation that there is considerable pro-
tection of the physically unfit ; and that here, as in other civilised
countries, any influences which might in a savage race produce selec-
tive destruction are reduced to a minimum, whereas in the case of
the crabs such selective influences are active.

It i, of course, possible that the deviation of “abnormal” youug
" may in each individual case first attain a maximum and then
diminish with advancing age; if this is the case, we cannot know
without experiment. In the absence of such experiment, the hypo-
thesis may be provisionally adopted that the diminution in the fre-
quenocy of individuals of given deviation is due to a selective destruc-
tion, and the consequences of this hypothesis will be examined.

Consider a population of crabs, measured at the time of their
maximum variability, and suppose the distribution of deviations
among the population to be accurately represented, for a particular
organ, by a probability equation of modulus ¢;, Now, let the number
of individuals of deviation lying between + a be represented by the
aren abgd (fig. 4); then, if gd = 2a be small, compared with the ob-
served range of variation, and %, = a.r;oa_z;x_b_gc_i, in other words, if &,
be the height of the median ordinate BD of the generalised ocurve,
then the whole number of individuals in the population will be
ey ‘V/ .

Now, suppose any destruction, which acts unselectively with re-
gard to the organ in question, to reduce the number of individuals
whose deviation lies between =+ a, to cdef, and let the a.r%_gi_ef =
ks, or the height of the median ordinate BD'. Since this destruction
is unselective, it will destroy an equal percentage of animals of every
deviation, and will therefore not alter the modulus. The population
will therefore be reduced to kic,/7 in number. This unselective de-
struction cannot be directly measured.

The selective destruction is most simply conceived as follows :—

In fig. 4 let AD'HE represent a curve of modulus ¢,, and let BD!
= ky, 80 that the area of the whole curve AD'HE = kyc, ,/r represents
the population left after unselective destruction has occurred. Then
suppose the modulus to be reduced during growth to c;, where ¢, is
less than c;, and let AD'KE be a curve of modulus ¢;, The minimum
number of individuals which it is necessary to destroy, in order to
affect this reduction in the modulus, is evidently represented by the
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Fi1a. 4.
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shaded area of the figure. The population after such destruction is
ks0s /> in number, and_the shaded area represents a number of in-
dividuals equal to k3/7(c; — ¢;), so that the ratio of animals selec-
tively destroyed to animals which survive all unselective destruction
is & :" %, a quantity which can be experimentally determined.

From the data given in Table III, this ratio, for frontal breadths
1079 — 996 730.—79996 or about 0077, so that
the hypothesis of selective destruction involves a death-rate of about
77 per thousand between the age corresponding to 12'5 mm. in cara-
pace-length and maturity, as a consequence of deviation in frontal
breadths, and in the group of structures, whatever these may be,
which are directly correlated with it.

This total death-rate does not affect individuals of all deviations
alike ; an inspection of the figure will show that the death-rate is a
function of the deviation, and that function is quite simply deter-
mined. Consider any ordinate Eg of the curve ABEC, and let its
abecissa, D@, be of magnitude z; then the length of Egis ke’
and the number of individuals of deviation between z and » + dz is
ke "¢ dz. In the same way, the height of the ordinate Fyg is

Fae™ /e,

and the number of individuals of abnormality within unit distance
of z after selection is

of Plymouth crabs, becomes

Ine™?/e | da.

The ratio between the number of animals of abnormality = which
survive the unselective destruction and those which are selectively
destroyed is therefore

Eg—EF _ e~ et —e~ 2o’ 1 — geat—eloes?,

So that if g is the selective death-rate among animals of abnor-
mality &, then that death-rate increases as z increases according to
the equation

g=1—e" M
where h is the numerical value of ¢,*—c/ci’?, 6, and ¢; being the
values of the modulus at the time of its maximnm value and at
maturity respectively.

For the frontal breadth of Plymouth crabs, the value of & is about
0'015 ; so that of the whole number of animals which attain the size
12'5 mm., baving an abnormality = of their frontal breadth, the
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fraction destroyed as a consequence of this abnormality before reach-
ing matority is
1—g— 00152,

It will, of course, be understood that little trust can be placed in
the absolute numerical results which are here put forward ; the point
which seems worthy of confidence, and which if it be indeed a reality
is of very great importance, is the form of the result. For by purely
statistical methods, without making any assamption as to the
functional importance of the frontal breadth, the time of life at
which natural selection must be assumed to act, if it acts at all, has
been determined, and the selective death-rate has been exhibited as a
function of the abnormality, while & numerical estimate which is at
least of the same order as the amount of the selective destruction has
been obtained.

The method by which the result described has been arrived at is
likely to be capable of application to a very considerable number of
cases. Mathematically considered, the conditions which were at
first assumed and then proved to obtain in the organ discussed are by
no means general. It is necessary for the employment of this
method that the variations shonld be distributed on each side of the
mean with sensible symmetry, and that the position of minimum
selective destruction should be sensibly coincident with the mean of
the whole system. Such statistical information as is at present
available leads to the belief that these conditions may be expected to
hold for a large number of species, which are sensibly in equilibriam
with their present surroundings, so that their mean character is
sensibly the best, and the change of mean from generation to genera-
tion is at least very small. They cannot be expected to hold in cases
of rapid change such as those induced artificially by selection under
domestication, or natarally by rapid migration or other phenomena
resulting in a rapid change of environment,.

For the investigation of such rapid change, it would be necessary
to treat the more general case, in which the chances of deviations of
opposite sign are not sensibly symmetrical, and in which the mean is
not necessarily the position of minimum destruction. The treatment
of this case requires the help of a professional mathematician.

It will be well to mention here a curious indirect confirmation of
the result just described, based on evidence derived from a quite
different source.

An attempt has been made to show that physiological accidents of
a kind leading to change in the length of & portion of the carapace
affect a crab at a rate measured by the value of the quantity 1—e=A,
The symmetrical distribution of variations from the mean which has
been shown, especially by Mr. Galton, to occur in dimensions of
weight, length, muscular strength, and other characters of various
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organs in men, moths, sweet peas, and other things at various periods
of life, made it seem probable that if selective destrmction could
be shown to occur in these cases, the expression for intensity of
destruction, in terms of the deviation, would in all these cases be of
the same form as that already arrived at. That is to say, the
expression for the effect of physiological accidents of a number of
different kinds, affecting a number of organisms in no way specially
alike, is probably always of the same form. The question at once
occurred, whether this expression might not be of general applica-
tion, as a measure of the effect of physiological accidents upon the
animal body.

The most convenient case in which to look for an answer to this
question is the case of muscular tissue, in which the effect of acci-
dents of stimulus can be readily measured. The recent paper of
Cyboulski and Zanietowski (Pfliiger’s ¢Archiv f. Physiologie,’
Bd. 56, p. 45) gives an excellent series of data for determining the
relation between energy of stimulus applied to a nerve, and effect
npon the muscle, as measured by energy of external work performed
in contraction. These observers give a large series of tables, in
which the emergy of stimulus, applied by discharging a condenser
of kmown electrical capacity through a nerve, is given in one
column, and in another is the work done by the muscle stimulated,
measured by the height through which a known mass is lifted.

As is well known, the application of stimuli of less than a certain
magnitnde prodauces no muscular contraction ; but if the maximum
stimulus which can be applied without causing a contraction be
reckoned as zero, the subsequent relation between stimulus and con-
traction does, in fact, agree very closely with that indicated by suc-
cessive values of the quantity 1—e™*+",

In spite of the evident care and skill with which Cyboulski and
Zanietowski have performed their experiments, their curves are
slightly irregular. In order to minimise the effect of these slight
irregularities, three of their results were treated in the following
way :—In each system of observations the maximum subliminal
stimulus was subtracted from the magnitude of the applied stimulus
in each case; the three numbers representing the height of the
mauscle contraction for unit stimulus beyond this point in the three
cases were added together; and so on throughout. The result is
plotted in fig. 5, the height of the sum of three contractions being
indicated by the ordinates of the points @ ; the intensity of the cor-
responding stimulus, minus the subliminal stimulus, being measured
along the abscissa.

The dotted curve is given by

g =1—e PIE 1)
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815 being the ‘“modulus” of the system of ordinates, determined
from their moments about the axis of g. The coincidence between
the two, rough as it is, i8 surely more than accidental !

F16. 5.—Sum of three Muscle-curves from Cyboulski and Zanietowski’s paper.
Each ordinate represents the sum of three muscle-contractions in milli-

metres : abscisse represent stimulus applied to the nerve, expressed in ergs
x 10—7, and reckoned from the close of the subliminal period.

The most interesting relation to be investigated in the light of this
result would undoubtedly be the relation between sensation and
stimulus in man ; but existing data seem too imperfect to give any
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trustworthy result. It may be remarked that a few years ago
measurements of the relation between muscle contraction and nerve
stimulus, made with an imperfection comparable with that which
characterises attempts to measure sensation, were held to obey a
logarithmic law closely similar to the formula of Fechner and
‘Weber.

II. Variation in the Right Dentary Margin.

The mean size of the right dentary margin was found to change,
with increase of carapace-length, at such a rate as to render neces-
sary the same subdivision of the material as that adopted in the case
of frontal breadths. The change of mean will be gathered from
Table IV, where it ia seen that the change is slightly slower and less
regular than in the frontal breadths, while its direction is reversed—
the right dentary margin becoming larger, the frontal breadth
smaller with increase of size.

Table IV.—Mean Length of Right Dentary Margin (D) expressed
in thousandths of the Carapace-length (C) corresponding to

various observed Carapace-lengths.

c l D ’ c D.
71 ' 380-d0 | 107 41600
78 | 31978 [ 109 41901
76 | 38306 111 41918
77 | 385°89 [ 11°3 421 26
79 | 3876 | 116 42334
81 | 39060 | 117 423-21
88 891-97 19 49549
85 | 89670 121 42467
87 89658 12 8 42626
89 | 39704 12°6 428 56
91 | 400-82 129 42935
98 40871 129 429 54
95 40450 18°1 432°17
97 . 40863 13-3 43487
99 | 40066 186 42916

101 | 41166 187 43518

108 | 41279 | 189 43687

106 | 41381 (Adult) (495 '14)

These observations were treated in the same way as those of frontal
breadths ; and the result of expressing the deviations from the mean
in terms of the modulus of every group, and then summing devia-
tions of corresponding magnitude, is shown in Table V, and graphic-
ally in fig. 6.
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Table V.—Frequency of all observed Deviations from the Mean
Length of the Right Dentary Margin in 8020 Female Crabs,
Young and Adult, from Plymounth. Deviations in terms of
the Modulus.

Limits of deviations. | Mean devistion. f?..‘;‘.’;'w"fi 'ﬁ‘;"u":fc?‘
+5°530 1
Over +38°20 { +3°760 1
+3 340 1
From +3-00 to 319 +3-120 1 276
» +2°80, 299 +2-945 3
» +2°60, 2°79 +2°677 3
y»y +2°40,, 2°69 +2-498 8 )
w +220, 289 +2-253 12 ersl
Y +2°00, 219 +2°050 9 11-
. +180, 199 +1°888 | 16 2499
» +1°60. 179 41705 45 5114
N £1-40 . 169 +1°492 182 9640
o +1-20,, 139 +1°276 155 16880
S 4100, 1°19 +1°108 238 27118
. +0°80 ,, 0-99 +0°897 375 40341
#0760, 079 +0-700 587 554 36
. +0°40 , 059 +0-493 735 7083 61
. +0°20 , 0°39 +0°305 775 82482
o 4000, 0°19 +0°112 939 89804
N —0°00 ,, 0°19 —0-088 871 893 ‘04
w —020,039 —0°270 833 82482
S —0'40 , 059 | —0-495 698 703-61
060 ,, 079 -0-739 553 554°36
» =080, 099 | —0-896 46 403 41
S -1v0, 119 | —1-093 240 27118
N =120, 139 —1-279 162 16830
N -1-40, 169 | —1-479 89 9649
Sy —-1'60, 179 —~1-691 45 5114
S —180, 199 —1-932 18 2499
L 2400, 2°19 —2-108 15 | 1129
 —2-20, 2-39 —2-295 6 47
. —2°90 ,, 259 —2-487 3 3
 —2+60 ., 279 ~-2710 2
o —280, 299 . ~2-908 3 |
—38; 2 : .
[ —4°180 1 {276
Orer 3°C0 e j —4°830 1
—5-960 1 |
L —7+030 1 J .
]

The symmetry of these results is fairly good, the number of posi-
tively abnormal individuals being 4030, the number of negatively
abnormal 3990. The sum of the squares of the negative deviations
is 2145°5; the sum of the squares of the positive deviations being
2099:9—a difference of about 2 per cent. This difference is greater
than in the case of the frontal breadths; but a reference to the table
will show that the removal of a single individual, namely, the indi-
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F1a. 6.—Deviations of 8020 measures of Right Dentary Margin in Female Crabs,
old and young, from Plymouth S8ound, expressed in terms of the Modulus.
Eleven individuals of deviation greater than three times the Modulus are
omitted.

viduoal of deviation equal to —7 times the modulus, would make the
snm of the positive and negative squares almost exactly equal.

The mean error of the whole system is 0-5688 instead of 0-5642, or
nearly 1 per cent. too great. The error of mean squares is 0-7276
instead of 0-7077, or 2'8 per cent. too great.

From these values of the mean error and error of mean square,
as well as from the presence of a deviation 8o great as seven times the
modulus, it is evident that some canse has been at work, producing
large abnormalities with a frequency greater than that indicated by
the theory of chance. Reference to the table shows that deviations
of more that 2'5 times the modulus do in fact oocur twenty times,
instead of five or six times, as they should do So that deviations of
this magnitnde occur about three and & half times too often.

The sporadic occurrence of considerable deviations, which do not
obey the general law of frequency of variation, is a phenomenon

¢
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which has been supposed by many naturalists to be of great im-
portance in evolution, and the present case is therefore worthy of
discussion.

The following suggestion is offered as an explanation of the large
negative deviations. As shown in Fig. 1, there are normally five teeth
in the dentary margin; but occasionally (in over 1 per cent. of
individuals) ounly four teeth occur. The reduction in teeth may
apparently be effected in varionus ways : sometimes it is impossible to
say that one tooth rather than another is missing ; and the case then
resembles those cases of variation in the segmentation of a vertebral
column, for example, recently discussed by Bateson (“ Materials for
the Study of Variation,” passim, especially, however, p. 124). In
other cases, the reduction appears to be effected by a process re-
sembling the filling up of the interval between two teeth; so that the
points of the teeth project only very slightly. A careful outline of a
specimen exhibiting this condition is given in fig. 7. It is evident that

Fia. 7.

in this case the little tubercle S which indicates the position of the
fitth tooth is the point from which the measurement should be taken;
but if the obliteration of the fifth tooth had progressed but a little
further, no indication of its presence would remain; and the dentary
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margin, measured from the tip of the first to the tip of the last visible
tooth, would really have been measured from a to b. Such a measure
would not be homologous with the rest, and ought not to be included
in the scheme. But,since reduction in the number of teeth may take
place in other ways, and since it i8 impossible in a given case to
distinguish the manner in which it has occurred, the measurements
were necessarily recorded.

Another frequent cause of disturbance is the breakage of the last
tooth, followed by its regeneration. All cases of obviously recent
injury were of course excluded ; and for this reason the total number
of individuals discussed is reduced from 8069 to 8020. But the
selection of material was felt to be so dangerous a proceeding that
all cases in which there was any doubt as to the occurrence of an
injury were included. The wrongful inclusion of a dozen such cases
would account for the -excess of positive abnormalities: for it is
evident that a breakage of the tip of the last tooth would increase
the distance AB in fig. 1.

‘While, therefore, the observations admit of the interpretation that
about. once in 500 cases a * sport ” of magnitude greater than that
provided for by the theory of chance does regularly occur, the con-
siderations which have been submitted make this interpretation at
least doubtful.

The value of the probable error, as an indication of percentage
abnormality, is diminished by the existence of the large deviations
discussed ; but the values obta.med are of considerable interest: they
are as follows

Table VI.—Mean Value of Quartile Deviation (Q) of Right Dentary
Margin for various Lengths of Carapace (C).

|
C. Mean Q.

-t

EEEEBonw
Corsrcan
LEER-ES33

Ecacaada

~~
A

It will be seen from this table that the error of distribution at the
ages measured is always less than in adult life, except among crabs,
whose carapace length is between 9 and 10 mm. Of the fourteen
superfluous deviations of great magnitude, three occur in this group,
and the result is a quite untrustworthy determination,
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Evidently, therefore, in spite of the abnormally great frequency
with which large deviations occur, the whole percentage of abnor-
malities, among crabs between 7 and 14 mm. in length, is less than
it is in adult crabs; and there is a rough agreement between the
result obtained from these measurements and that obtained by
Bowditch from the measurements of human stature already referred
to. So that among female crabs in Plymouth Sound, during the
period of life to which these observations refer, there is no indication
of any destructive agency which acts selectively upon the dentary
margin. Whether such selective destruction occurs among males, or
among females at a later period of life, is for the present an open
question.

Variation in frontal breadth may, therefore, for the present be
considered to be of more importance in the economy of female crabs
than variation in the length of the dentary margin—a view which
receives confirmation from the dimorphism already shown to exist
(‘ Roy. Soc. Proc.,’ vol. 54, p. 324) in the frontal breadth of crabs
from Naples, while it is a striking justification of the accepted
system of classification, in which the characters of the great groups
into which the Brachyura are divided are almost entirely those
associated with changes in this dimension.

In conclusion, an important feature of the method employed may
be pointed out. The increase of death-rate, associated with a given
abnormality of frontal breadth, has here been roughly determined ; in
the previous paper, already referred to, the effect of abnormality in
this dimension upon several other organs of the body was deter-
mined ; and by the method of that paper it would be possible to
determine the effect of parental abnormality upon the offspring.
These are all the data which are necessary, in order to determine the
direction and rate of evolution; and they may be obtained withount
introducing any theory of the physiological function of the organs
investigated. The advantage of eliminating from the problem of
evolution ideas which must often, from the nature of the case, rest
chiefly upon guess-work, need hardly be insisted upon.

Hargrison AND Soxs, Printers in Ordinary to Her Majesty, St. Martin’s Lane,
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arks on Varation in Animals and Plants. To uccom-
pany the first Report of the Committee for conducting
Statistical Inquiries into the Measurable Characteristics of
Plants and Animals.” By Professor W. F. R. WELDON,

 F.R.S. Received February 19, 1895,

The importance of variation as & factor in organic evolution is
seriously disputed; but, if one may judge from the expressions
Wined in recent essays, naturalists are not agreed as to the
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manner in which variation among individuals is associated with
specific modification.

The view originally put forward by Darwin and Wallace is that
specific modification is at least generally a gradual process, result-
ing from *the accumulation of innumerable slight variations, each
good for the original possessor” (‘Origin of Species,’ chap. xv).
This view rests on the assumption that each of those small differ-
ences which are to be observed among a group of individuals be-
longing to the same spccies has generally some effect upon the chance
of life. ‘“Can we doubt (remembering that many more individuals
are born than can possibly survive) that individuals having any
advantage, however slight, over others, would have the best chance of
surviving and of procreating their kind P ” (‘Origin of Species,
chap. iv).

Of late years, another view has received support from various
writers. An examination of any series of animals of the same
species preserved in & museum shows in most cases a large majority
of specimens which are superficially alike: those individual differ-
ences, upon which stress is laid by Darwin and by Wallace, are often
so slight as to escupe attention unless minute compariron is made
between individual and individual. But there will commonly be
found a few individuals which differ so remarkably from their fellows
as to catch the eye at once. Such large deviations differ from the
smaller ones, at least in most cases, by their extreme rarity; but
they have been extemsively collected, and most museums contain
numerous examples of their occurrence. Some naturalists have been
led, from the striking character of such variations, to assume for
them a preponderant share in the modification of specific character.
These persons assume, if I understand them rightly, that the advan-
tages or disadvantages which accompany the more frequent slight
abnormalities are in themselves of necessity slight; and that the
effect of such slight abnormalities may be neglected, in comparison
with the effect produced by the occasional appearance of considerable
deviations from the normal type. They regard change in specific
character as an event which occurs, not slowly snd continuously, but
occasionally and by steps of considerable magnitude, a8 a consequence
of the capricious appearance of *“sports.”

Without presuming to deny the possible effect of occasional
“ sports "’ in exceptional cases, it is the object of the present remarks
to discuss the effect of small variations, as it may be deduced from
the study of two organs in a single species.

The case chosen is the variation, during growth and in adult life,
of two dimensions of female Carcinus menas, recently investigated
by a Committee of the Royal Society ; and what is here said may be
considered an sppendix to the report of that Committee.
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2. The questions raised by the Darwinian hypothesis are purely
statistical, and the statistical method is the only one at present
obvious by which that hypothesis can be experimentally checked.

In order to estimate the effect of small variations upon the chance
of survival, in a given species, it is necessary to measure first, the
percentage of young animals exhibiting this variation; secondly, the
percentage of adults in which it is present. If the percentage of
adults exhibiting the variation is less than the percentage of young,
then a certain percentage of young aniwals has either lost the
character during growth or has been destroyed. The law of growth
having been ascertained, the rate of destruction may be measured ;
and in this way an estimate of the advantage or disadvantage of a
variation may be obtained. In order to estimate the effect of devia-
tions of one organ upon the rest of the body, it is necessary to
measure the average character of the rest of the body in individuals
with varying magnitade of the given organ; and by the application
of Mr. Galton’s method of measuring correlation, a simple estimate
of this effect may be obtained. In the same way a numerical measure
of the effect of parental abnormality upon abnormality of offspring
may be obtained by the use of Galton’s correlation function, and such
measurements have been made, in the case of human stature, by
Mr. Galton himself.

It is to be observed that numerical data, of the kind here indicated,
contain all the information necessary for a knowledge of the direction
and rate of evolution. Knowing that a given deviation from the
‘mean character is associated with a greater or less percentage death-
rate in the animals possessing it, the importance of such a deviation
can be estimated without the necessity of inquiring how that increase
or decrease in the death-rate is brought about, so that all ideas of
‘“ functional adaptation’ become unnecessary. In the same way, a
theory of the mechanism of heredity is not necessary in order to
measnure the abnormality of offspring associated with a given parental
abnormality. The importance of such numerical statements, by
which the current theories of adaptation, &c., may be tested, is
strongly urged.

3. The report itself describes an attempt to furnish some of the
numerical data referred to for two dimensiouns of the shore crab. The
data collected give an approximation to the law of frequency with
which deviations from the uverage character occur at various ages.
The conclusions drawn are (a) that there is a period of growth
doring which the frequency of deviations iucreases, illustrating
Darwin’s statement that variations frequently appe.r late in life;
(b) that in one case the preliminary increase is followed by a decrease
in the freqnency of deviations of given magnitude, in the other case
it is not ; and that (c), assuming a particular law of growth (whbich
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remains, as is admitted, to be experimentally tested), the observed
phenomena imply a selective destruction in the one case, and not in
the other.

It is not contended that the law of frequency at various ages.
adopted in the report, is exact. It is, however, hoped that the ap-
proximation is safficiently exact to give numerical estimates of the
quantities measured, which are at least of the same order as the
quantities themselves, and for this reason it is hoped that the method
adopted may prove useful in other cases.

HARRISOX AND SoN8, Printers in Ordinary to Her Majesty, St. Martin's Lane.
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TELEGONY EXPERIMENTS:—THE BIRTH OF A
HYBRID BETWEEN A MALE BURCHELL'S
ZEBRA (EQUUS BURCHELLI) AND A MARE (E.
CABALLUS).

ByJ. C. Ewaer, M.D., F.R.S., Regius Professor of Natural
History, University of Edinburgh.

In the second of the two short papers on Telegony*
which I communicated last year to the Vetertnarian I
suggested a number of experiments which might be made
with a view to settling, if possible, whether a previous sire
has any influence on subse(}uent progeny obtained by other
sires. At the same time I mentioned that I was making
arrangements to carry out three of the experiments
suggested, viz. (1) To cross a number of mares with a
male Burchell’s zebra, and then serve them with an Arab
or other suitable horse. (2) To cross a zebra mare with
an Arab horse, and then serve her with a zebra. (8) To
cross an ass (E. aginus) with a zebra horse, and then serve
her with a jackass.

Having begun in 1894 to make arrangements for the
telegony and other investigations, I was in a position last
summer to begin operations,t—that is to say, I had secured
a large area of grass land and a small paddock ; had pro-
vided accommodation for and purchased three Burchell’s
zebras (a horse and two mares), an Arab horse, a thorough-
bred filly by “Petrarch,” a mare by ‘ Gunboat,” and a
number of ponies, including representatives from Ireland,
Iceland, Shetland, and Norway. Farther, Mr. Wilfrid S.
Blunt, on hearing of the proposed experiments through
the late Professor Goodhart, was generous enough to send
me an Arab mare (“ Bernabit ”’); and Lord Arthur Cecil,

® The Velerinarian, April and May, 1895.
+ At Penicuik, Midlothiun.
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whom I had the good fortune to interest in my work, lent
me ‘““ Mulatto,” one of his Island of Rum ponies, and later
added to my stud a young New Forest donkey.

It is har(fl,y necessary to point out that even should the
experiments in hand settle, or at least throw new light on
the question of telegony, no final results are possible until,
at the earliest, the summer of 1897. However, as the in-
vestigations are not limited to testing the influence of a
previous sire, but either directly or indirectly deal with
the development and ancestral history of the horse, with
reversion or atavism, and polydactylism, and with various
other problems of a more or less interesting nature, it may
be well to put on record now some of the events that have
happened since the work was started.

The Birth of the Zebra Hybrid.—The most interest-
ing event I have to chronicle is the arrival of a hybrid
between the Burchell zebra (Matoppo) and the West High-
land pony (Mulatto). The hybrid, which, as announced in
the Field,* was born on the 12th of August, is believed to
be the first cross obtained between an ordinary mare and
a zebra stallion. Partly on this account, and partly because
zebra hybrids may help to solve the transport difficulties in
South Africa, and do something towards overcoming the
aversion for mules that has so long prevailed in England,
a short account of the new arrival may not be unacceptable.
But before speaking of the hybrid colt I ought to say a
few words as to his parents. There are still three zebras
found wild in Africa—two mountain zebras (E. zebra and
E. Grevys), and the zebra of the plains (E. Burchellt). The
sire of the hybrid, as already indicated, is a Burchell’s
zebra which I obtained from the Antwerp Zoological
Gardens. '

Mr. G. R. de Courcy-Perry, H.B.M.’s Consul-General at
Antwerp, to whom I am indebted for timely help at a
critical moment, reported that the directors of the gardens
considered their zebra stallion a superb animal; he is
certainly the most handsome specimen I have ever seen.
While in Antwerp ‘“Matoppo” proved a successful sire, but
it was only found possible to mate him with zebras of his
own species. However, as a zebra long expected from
South Africa never arrived, and as the Antwerp one was
the only available mature male Burchell’s zebra in Europe
at the time, I had either to secure him or give up the
experiments for another year. '

Matoppo, last summer, was certainly very fastidious ;

® The Field, August 22nd, 1896,
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instead of a large crop of foals I am only able to report
the arrival of one; bat as a cross between a male zebra
and a mare has apparently not been hitherto obtained, I
ought perhaps to be thankful that the telegony experiments
did not prove a complete failure. By carefully studying
the habits of the zebra mares and Matoppo all the diffi-
culties have been practically overcome; he no longer
reminds one of the proverb, “ You may lead a horse to the
water, but you cannot make him drink.” I need only add
that the zebra horse, though low at the withers, stands
thirteen hands (52 inches) high; that he is beautifully
marked, and in his form and movements suggests a horse
far more than either of the mountain zebras; further, his
action when trotting is even more perfect than that of
his stable companion the high-caste Arab horse, Benazrek.

Mulatto, the dam of Romulus, is a8 West Highland pony;
and is 13.1{(53 inches) high. Lord Arthur Cecil, who has
taken a lively interest in the investigations from the outset,
first intended sending a couple of New Forest ponies:
After further consideration he, for various reasons, selected
Mulatto ; this has proved a most fortunate selection.
Apart from the all-important fact that Mulatto has pro-
duced a foal to the zebra, she is in many ways pre-
eminently suitable for the experiments in hand. From
information kindly supplied by his lordship, it appears
that the breed to which her sire belongs has been for
many years all but completely isolated on the Island of
Rum, a small island lying between the mainland of
Scotland and the Outer Hebrides. As far as is known,
fresh blood .has only once been introduced during recent.
times into the Island of Rum ; this was in 1848, when the
then proprietor of the island, the late Marquis of "Salis-
bury, sent to Rum a thoroughbred stallion. Mulatto’s
dam came from the Long Island (Outer Hebrides), but
she belonged to the same breed as the sire. Like Mulatto
and all her ancestors, as far as they can be traced, the
dam was jet-black, and, like almost all this particular
breed of ponies, her eyes were of a hazel colour—not
brown, as in the majority of horses. In Mulatto there is
only a faint indication of the characteristic hazel-coloured
iris, It is difficult to account for the existence of more or
less isolated herds of well-bred ponies in the Western.
Highlands. The late Marquis of Salisbury believed that,
notwithstanding their colour, they had Eastern blood in
their veins. It has been suggested that they numbered
amongst their ancestors horses which escaped from the
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ill-fated ships of the Spanish Armada. In support of this
belief it may be mentioned that an old tapestry in the
House of Lords (a representation of which appeared some
years ago in the Illustrated London News) indicates that
storms overtook the Spanish fleet at several points off the
Western Islands; it may be more than a coincidence that
well-bred ponies were afterwards found on islands ad-
jacent to the storm areas—on islands and parts of islands
to which the dismantled Armada ships might very well
have drifted. Further, the Mulatto breed of ponies re-
sembles well-bred black horses often met with in Spain at
the present day. Whatever the origin of the ponies in
question, it is enough that they belong to a distinct breed,
and that probably only once (in 1848) during many
generations has fresh blood been introduced into the
isolated and somewhat inaccessible Island of Rum, from
whence Mulatto’s sire was exported in 1888. As a proof
of the isolation, or, in other words, of in-breeding, crosses
between Island of Rum ponies and other breeds present
nearly all the characters of the West Highland race.

Mules generally strongly resemble their asinine pro-
genitors, but the mules bred by the late Marquis of Salis-
bury in the Island of Rum were observed on reaching
Hatfield to resemble ponies rather than donkeys ; this, to
my mind, proves that Mulatto belongs to a well-marked
and distinct breed, and that whatever the result may
eventually be, she is in every way as suitable, as well
adapted for taking the place of the nearly purely bred
Arab mare used in Lord Morton’s famous experiment, as
the zebra Matoppo is an excellent substitute for the now
extinct or all but extinct quagga. It is only necessary to
add, before proceeding to describe the hybrid, that the
foals of the black Highland ponies are frequently at first
mouse-coloured, with in some instances a faint dorsal
stripe, and a patch of dark hair at the shoulders, which
represents the bands so often seen in dun-coloured
Norwegian ponies. The dorsal stripe usually disappears
soon after birth, and the mouse-colour never reappears
when the first or foal’s coat is once shed.

Turning now to the hybrid, I may first mention that the
period of gestation was normal, 342 days. With the mare it
varies from 840 to 350 days. In the zebra it is said to
extend over, as in the ass, twelve months. Within a
minute after birth the hybrid was rushing about as if he
were a young zebra, whose existence depended on his at
once joining the troop of which his dam was a member.
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Being extremely alert, and ready to gallop off at any
moment, he seemed at a loss to understand the inaction of
his placid dam. Though he is now, when two months old,
no longer so restless, or like a timid young animal whose
only safety is in flight, Romulus is still surprisingly ener-
getic, and he seems to enjoy nothing better than coursing
about his paddock as if he were escaping from some
dreaded foe. He is now wonderfully tame, and courts
rather than shuns notice ; and from the first he has behaved
himself quite differently from a young New Forest mule I
had the opportunity of constantly watching during last
summer. In nearly all his movements Romulus resembles
his sire rather than his dam ; he has not the dainty action
of a young mule or a young donkey, and yet he differs in
his gait from a horse. As he grows older I anticipate the
beautiful action of the zebra will become more and more
apparent. The Arab mare, Bernabit, when set free in the
park, tosses her head high in the air in a most suggestive
way as she gallops about. The zebra horse, on the other
hand, carries his head low, and twists his neck as if engaged
in single combat, ready to seize the limbs of an adversary.
In his gambols the hybrid carries himself like a zebra, and
this without once having had an opportunity of seeing
Matoppo disporting himself.

When in the field with mares the zebra horse herds
them most jealously ; should anyone appear on the scene
he gallops along uttering his war cry, prepared to defend
his herd against all comers. I shall not be surprised
should Romulus imitate his father in this also, should an
opportunity offer by-and-by.

As the time drew near for the birth of the hybrid I
became more and more curious as to which of its parents
it would most resemble in shape and colour. When two
distinct types are crossed the progeny may present the
characters of both parents, or may closely resemble one of
the parents, or by reverting to the ancestral type differ
decidedly from all the immediate progenitors. For ex-
ample, mules sometimes closely resemble donkeys, at other
times they resemble ponies. Again, if a white fantail is
crossed with a white pouter, the young may resemble a
blue rock, the remote ancestor of all the pigeons. There has
probably beeun no intercrossing for many thousands of years
between zebras and the other wild Equidse, and it is quite
possible there has not even been interbreeding between
the Burchell and the other zebras. On the other hand,
there is always a chance that any given zebra has been
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inbred. Horses, on the other hand, with a few possible
exceptions, have been interbreeding in all parts of the
‘world ; and though sometimes inbred, they at the best are
far less fixed and stable than the zebras. Consequently,
on a priors grounds, I expected the hybrid to resemble at
least in colour a zebra rather than a horse. I had no very
decided opinion as to the shape of the hybrid, but I did
not believe what some would-be prophets asserted, that the
only result of my experiments would be the production of
a monster ; that it was little short of sacrilege to cross a
good mare with a zebra. Whatever form or colour the
hybrid may ultimately assume, I have no hesitation in
saying that it would be difficult to imagine any more
attractive, more graceful, or more beautiful member of
the equine family than the little hybrid zebra has been
"during the first two months of his existence.

Never ungainly, Romulus is now as complete and com-
pact as a little horse, and he looks at least twice his age,
‘notwithstanding his being a late foal, and the untoward
weather that has prevailed since he appeared on the scene.
-This is probably partly due to his beginning to feed on his
own account at a very early period. When three days
old he was nibbling grass; a few days later he attacked
hay, and now he insists on having a share of the oats
provided for hisdam. Foals frequently content themselves
with milk alone during the early weeks.

In shape the hybrid unites the characters of both his
parents, and yet without approaching a mule differs from
both. When stauding on the alert at a little distance, he
looks as if he had slipped down from a frieze on the Par-
thenon. The muzzle 1s very fine, with narrow, almost slit-
like nostrils of the distinctly zebra pattern. The forehead
is wide as in an Arab, and very slightly convex from side
‘to side. The jaws look narrow, and the head seems to be
set on the neck in an uncommon fashion, and the neck is
‘somewhat short. In the neck and its relation to the head,

he position and length of the ears, and in the mane, the
‘hybrid undoubtedly approaches more closely to a zebra
than a horse. But beyond the root of the neck I fail to
observe any essential difference from a half-bred Arab foal
occupying an adjacent box. Both the fore and hind
quarters are well formed ; the back is short and strong, and
the chest is wide and well moulded. In the form of the
fore and hind limbs, and in the hoofs, Romulus also resem-
bles the half-bred Arab; and his tail, with the exception of
several bands at the root and the presence of somewhat
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stiff hairs, agrees with that of an ordinary foal. As in the
zebra, there are rudimentary teats, the chestnuts are
absent in the hind limbs, and further there is no tuft of
hair at the fetlocks. A little bit in front of the upright
mane there is a separate tuft of hair as in the zebra, and
as in many, if not all foals. In the foal this tuft of hair is
mainly concerned in forming the forelock.

The Colour and Striping of the Hybrid.—Darwin, who
devoted much time to studying the colour of the horse,
came to the conclusion that all the existing races had
descended from ‘“a single dun-coloured, more or less
striped, primitive stock, to which our horses occasionally
revert.” In Dzungaria there appear to be still wild horses,
i.e. horses whose ancestors have never been domesticated.
The wild horses of North America, which were believed to
have descended from the Spanish horses of Mexico, were
of all colours—black, grey, roan, sorrel, &c.; but the
Dzungaria horses are all of one colour. In summer they
are dun or sandy coloured; in winter light brown. In
all probability the Dzungaria wild horses have not departed
greatly from the ancestral shade. The absence of shoulder
and leg bands on these wild horses is interesting. We
shall never get beyond guessing when the stripes first
appeared in the horse group, but it ay be assumed that
it was long after the dun colour was finally adopted.

Compared with the even-toed ruminants (oxen, sheep,
deer, antelopes, &c.), the odd-toed ungulates have suffered
heavily during the Tertiary period,—only the tapir, the
rhinoceros, and the horse families have survive(f This
being the case, it may be taken for granted that at least in
some areas the struggle for existence in the case of the
non-ruminating ungulates was very keen. Bearing this in
mind, the existence of stripes becomes intelligible if it be
admitted that they counted for something in the battle
of life. Before, however, admitting that the ancestor of
all the horses was ‘““more or less striped,” it is well to
remember that the only wild horse we are acquainted
with (E. Przewalskit) has but a faint dorsal band; and
that while stripes were presumably useful in races living in
wide, fertile, richly populated plains, they may not have
been necessary in the case of the Dzungaria and other
races living in remote desert regions. ,

In considering the colour of the hybrid it is also well to
remember that when distinct types are crossed the progeny
are apt to revert to a more primitive type, to assume some
of the ancestral colours.
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Taking these and other facts into consideration, I ex-
pected the hybrid at birth to be of a dun or bay colour,
with distinct dark stripes on the legs and shoulders, and
less distinct stripes on the face. I was not a little sur-
prised when I found Mulatto’s foal extremely well provided
with stripes all over, in some respects more richly, if less
obtrusively, decorated than any of the zebras. As might

Romulus, twenty-seven days old. From a photograph by Reid, Wishaw.

have been anticipated, the majority of the stripes were in-
tensely black, while the groundwork varied from a light
tan colour on the lower part of the legs to a rich brown
on the lower part of the face. On the under aspect of
the neck and trunk, however, the dark stripes were indis-
tinct ; this was especially true of the ventral mesial band
which blended with the dark body colour at each side.
When the markings of the hybrid are carefully contrasted
with the stripes in the three living zebras, they will be
found to differ very considerably, more especially in the
head region and over the loins and hind quarters. In the
meantime I shall content myself with shortly describing
the disposition of the stripes in the hybrid. The head is
characterised by having a remarkable series of dark brown ,
narrow bands, which alternate with a corresponding series
of equally narrow bright tan-coloured bands. Beginning on
a level with the eyes these bands extend upwards, forming
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a number of graceful arches which at once remind one of
the forehead of an elaborately tattooed Maori chief. Four-
teen pairs of these bands can easily be made out, but the
u;;per ones are interrapted by the tuft of hair representing
a forelock. Curving downwards from within the eyes to-
‘wards the nostrils are other bands of a similar width and
colour, which serve to decorate the sides of the face. These
stripes eventually lose themselves in the rich brown hair
above the level of the nostrils. The somewhat lozenge-
shaped space in the centre of the forehead, 1.e. the space
between the lateral curved bands just mentioned and the
loops above the eyes, is occupied by a U-shaped loop, one
end of which bends upwards, while the other, accompanied
by a nearly mesial stripe, runs for some distance down the
middle of the face. Similar bands (twelve dark and
twelve light) extend from the base of the ear obliquely
downwards over the jaw. The greater part of the head is
thus tattooed with bright-coloured narrow stripes arranged
in a quite unique fashion. In having this complex arrange-
ment of narrow dark and light bands over the head, the
hybrid differs in a striking manner from all the living zebras.
Whether the difference 1s or is not due to reversion it will
be extremely difficult to determine.

The ears, though zebra-like in shape, are not, as in the
zebra, distinctly banded. In a light bay Shetland pony in
my possession the tip of the ear is white as in the zebra,
but in Romulus the upper third of the ear is of a dark
brown colour. This colour extends as a broad band
towards the base, where it is interrupted by tan-coloured
patches having in the main a transverse course. The
entire ear is lined with a thick coating of fine long bright
yellow hair. In a front view the light-coloured ears, with
the dark upright mane between them, are almost as con-
spicuous as the corresponding structures in the zebra.

As is usually the case in the zebras, a dark band extends
.downwards from the withers, to bifurcate at the shoulder,
the one limb running forwards to the chest, the other
backwards behind the elbow. In front of this, which may
be known as the shoulder stripe, are a number of cervical
stripes, some of which blend as they run across the neck.
At the root of the mane,infront of the shoulder stripe, twenty
dark bands alternate with a corresponding number of light
. ones. Thelatter are continued some distance into the mane
by light brown hairs. 'The last of the cervical bands meet,
‘a8 in the zebra, in the middle line over the sternum, and
“become continuous with a broad but not very well-defined
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ventral band, consisting of long dark brown hairs. Running
downwards across the trunk, behind and nearly parallel
with the shoulder stripe from the withers, are nine bands,
which take the place of the four or five broad vertical
bands in Burchell’s zebra. Behind these are four bands
which carve upwards and backwards, but instead of ex-
tending obliquely across the hind quarters, as in the sire,
they lose themselves amongst the dots and short trans-
verse stripes which occupy the region of the loins and the
upper part of the hind quarters. In having these dark dots
and short narrow stripes over a part of the back the
hybrid differs from all the zebras.

It will be interesting to note if there is a like failure to
develop distinct broad bands over the hind quarters in
hybrids that may afterwards be obtained. The remark-
able colouring of the back is more likely to be due to
reversion than the elaborate decoration of the face, and it
may have some relation to the dappling so common over the
quarters in most breeds of horses. There is a distinct
dark dorsal stripe, with a yellow band at each side, extend-
ing along the middle line to the root of the tail. The dorsal
stripe, narrow in front, expands considerably as it proceeds
backwards. The tail, as in the zebra, has several cross-
bands at its root. In the region of the shoulder-joint
there is again a failure to form distinct stripes, but there are
numerous bands across both the fore and hind limbs.
Twenty-four bands were counted on the left fore-limb, and
thirty-one on the left hind limb. The twelve below the
knee run obliquely downwards and backwards, snd be-
come fainter as the fetlock is reached, while those on the
knee and the forearm are well marked, and almost form
complete circles. In the hind limb the bands above and
for a short distance below the hock are extremely well
‘marked, while those on the shank and over the fetlock
and pasterns are only represented by faint, short, oblique
stripes, which fail to reach the inner surface. As in the
zebra, there are narrow incomplete stripes dividing the
broad spaces between the well-marked dark bands of the
thigh and upper part of the leg.

Without giving further details it will be evident, with
the help of the figures, that the hybrid is elaborately
striped, and that it profoundly differs from an ordinary
foal. If the figures are compared with photographs of any
of the zebras, and more especially with a photograph of a
Burchell’s zebra, numerous differences in the disposition
and in the number of the stripes will be readily noticed.
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Should the uext foal, us was suid to be the case in the
purely bred second and third foals of Lord Morton’s mare,
be still more banded, or even provided with a fraction of
the bands seen in the photograph, a very good case will
have been made out for telegony.

It is still impossible to say what colours the hybrid will
eventually assume, but I believe a number of the bands
will all but disappear, and that the dark stripes will be
separated from each other by brown or dun-coloured bands
or spaces. It is quite possible the hybrids bred from light-
coloured mares may retain a light body colour and, even
when full-grown, have the stripes as distinct as a zebra.

Before leaving the hybrid I may point out that its exist-
ence raises a number of interesting questions. In 1808,
Frederic Cuvier published in the Annals du Muséum
d’Histoire Naturelle* a note on the mating of an Arab
horse with a zebra mare which had previously bred to a
male donkey. Unfortunately the mare died some months
before the period of gestation was completed. Since then
several hybrids have been bred between zebra mares and
ponies, but apparently a hybrid between a pony mare and
a zebra horse has not hitherto been obtained. Maules, 1.e.
hybrids between a jackass and mares, are alike common and
valuable ; while hinnies, 7. e. hybrids between a pony and
a she-ass, are rare in England and comparatively unimpor-
tant. In the same way, while hybrids between ponies and
zebra mares are not likely ever to be of much use, hybrids
between a zebra stallion and ordinary mares (what some
would call zebra mules) may have a great future before
them. Captain Lugard, who has done splendid but insuf-
ficiently acknowledged pioneer work, more especially in
East Africa, recommended some years ago “ that an at-
tempt should be made to obtain zebra mules by horse or
donkey mares,” because he believed such maules © would
be found excessively hardy, and impervious to the fly [the
dreaded tsetse fly], and to climatic diseases.”

Captain Lugard believed “ that their export might prove
one of the sources of wealth and revenue in the futcre;”
for, as be adds, “every one knows the paucity of mules,
both for mountain batteries and for transport purposes, has
long been one of the gravest difficulties in our otherwise
almost perfect Indian Army corps.”’t Like Mr. Teget-
meier,} I have been assured that zebra mules would be

* Vol. ii, p. 237. 1 ¢ Our African Empire.’
¥ Live Stock Journal, 25th Sept., 1896.
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great favourites with the natives in India, and further,
it is supposed they might prove invaluable in the West
Indies. li have already mated seven different breeds of
mares with the zebra, mares varying in size from 11 to 15
hands, and, in fact, enough has been already accomplished
to show that zebra hybrids could be produced suitable, as
far as make and size go, for all kinds of work. Further, I
had last summer a Burchell’s zebra filly that was perfectly
docile, in every way as domesticated as a Shetland pony.
Hence from a mental as well as from a physical stand-
Eoint I fail to see why zebra hybrids should not, if properly

andled, prove as serviceable to man as either mules or
horses—in some cases even more so.

Another question of interest is, will the zebra mules
breed inter se, or with horses, zebras, or asses, or any of
their hybrids ? This is a question which it is impossible to
answer until experiments have been made. Because ordi-
nary mules have never been known to breed it is argned
zebra mules must be infertile. But this does not necessa-
rily follow, for as zebras differ from donkeys, so may zebra
hybrids (even in the matter of fertility) differ from mules.
Darwin writes, “ Many years ago I saw in the Zoological
Gardens a curious triple hybrid, from a bay mare by a
hybrid from a male ass and a female zebra.”* This is a
case of an equine hybrid (i.e. a male hybrid obtained by
crossing a zebra mare with a jackass) being fertile when
mated with a pony mare. Granting the information given
Mr. Darwin was correct, this case proves that even in the
horse family hybrids may be fertile, and strongly indicates
that very careful attempts should be made to get the new
zebra hybrids to breed.

Turning from the zebra hybrid, the next most important
fact to chronicle is that, by taking advantage of the know-
ledge gained as to the habits of zebras, there is now in
some respects less difficulty and danger in using Matoppo
for stad purposes than there 1s in using many ordinary
stallions. And further, Matoppo has been trained with-
out applying any severe measures whatever, and with-
out making him less a wild animal than he was on his
arrival. By gentle treatment he has become quite tract-
able. Some days ago I observed the stud groom pulling
Matoppo’s tail with the object of bringing him round to
drink. 'This is one side of the shield ; but there is another,
for the same groom would be at once attacked, should he
interfere with Matoppo when mares are in his vicinity.

* ¢ Animals and Plants under Domestication,’ vol. ii, p. 16.
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Under such circumstances Matoppo is quite regardless of
whips or any other instruments of a like nature.

In concluding my remarks on the zebras I may mention
that, like Frederic Cuvier in 1807, I had no difficulty in
mating the five-year-old zebra mare with the Arab horse
Benazrek ; but unfortunately this mare succumbed during
the winter. The two-year-old zebra filly which 1 found so
docile and attractive also died; and having failed to
secure a grant in aid of my investigations from the
money set apart by Government for the promotion of
research or from any other source, I have not yet been
in a position to replace the zebra mares.

In addition to working with zebras I attempted various
crosses with donkeys and with an Indian (zebu) bull, but
so far I have failed to obtain any resalts.

In connection with my investigations bearing on poly-
dactylism and on the development of the horse I may
mention that I have now in my possession several specimens
showing extra digits in the horse and a considerable
number of horse ewmbryos. Amongst others I have an
embryo for each of the weeks from the fourth to the eighth
inclusive, but I have been again and again disappointed in
my efforts to secure a three-weeks’ embryo.* I have
already shownt that in a horse embryo fourteen inches in
length the second and fourth digits, though extremely
small, are present. I am now in a position to state that at
the fifth week the second and fourth digits are nearly as
long and as well developed as the third or middle digit,
—that, in other words, the horse is for a time tri-
dactylous, the outer digits being relatively as large as in
the adult rhinoceros.

In addition to studying the embryos I have been ex-
amining the feetal appendages. The most interesting facts
made out in connection with these appendages are, first,
that the rudiments of the feetal villi make their appearance
between the sixth and seventh weeks, and are well formed
by the end of the eighth week; and second, that as the
yolk placenta dwindles, a complex epiblastic girdle appears
externally, while numerous apparently non-vascular villi
grow out from the allantois into the ceelomic space between

® As a considerable number of young embryos will be required, I shall
be very grateful for horse or donkey embryos under six inches in length.
The embryos should, if possible, be placed for twenty-four hours in a

saturated solution of corrosive sublimate, and then forwarded in 50 per
cent. spirit. But if not absolutely fresh, they should be at ouce placed

in 75 per cent. spirit.
t Jgirnal of dnatomy and Physiology, April, 1894,
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the rapidly growing allantois and the equally rapidly
shrinking yolk-sac.

I have also made some observations as to the condition
of the ovaries during gestation. To admit of further
observations being made, I shall be greatly obliged if
ovaries are sent me as opportunity offers, information
being sent in each case as to the period of gestation
reached in the subject from which they were taken.

Postscript.—I1 find I have omitted to mention that Ro-
mulus is Mulatto’s first foal, and that his eyes are of a bluish-
grey colour, somewhat darker than in his sire, Matoppo.

Appendiz.—Measurements of Romulus (in inches) when
two months old : withers to the ground, 884 ; shoulder—
joint to the ground, 29 ; elbow to the ground, 264 ; elbow
to the fetlock, 204 ; cannon bone along outside, 8 ; diameter
at knee, 8}; diameter below knee, 5; withers on a line
with anterior border of scapula to root of tail, 27};
withers to occipital protuberance, 19 ; chest to buttocks,
35; girth behind fore-legs, 39; length of head from
occipital protuberance to end of muzzle, 164; width
between eyes where narrowest, 5}; where widest, 9%;
length of ear, 5} ; stifle to hock, 13; hock to the ground,
18 ; diameter of head above nostrils, 11} ; neck at junction
with head, 19 ; diameter of fore-pasterns, 5; diameter of
hind pasterns, 5}; diameter of shanks, 53 ; diameter of
fetlock-joints, 7} ; diameter of coronets, 7§.
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NOTE.

Pror. WEIsMANN'S Romanes Lecture, delivered at
‘Oxford, May 2, 1894, was a re-rejoinder, partly indirect
and partly direct. In it he dealt with certain argu
ments I had brought forward in my “ Rejoinder,” &c.
published in The Contemporary Review for December
1893 ; and it is to he presumed that he used in that
lecture all his arguments of chief importance.

To it, when printed, he appended numerous notes;
and he bad the opportunity of publishing among them
any such additional reasons for dissenting from my
views as occurred to him. Hence he may fairly be
supposed to have now completed his case.

In the succeeding essay I have proceeded upon this
supposition : assuming that, about matters on which
he has said nothing further, he has nothing further to
say.

On the last page will be found a postscript containing
facts of much significance, not includéd in the essay
as published in The Contemporary Review for October

1894,
H. 8.
64 AVENUE ROAD,
REGENT'S PARK, LONDON, N.W.
October 1894.
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AmoNG those who follow a controversy to its close, not one in
8 hundred turns back to ite beginning to see whether its chief
theses have been dealt with. Very often the leading argu-
ments of one disputant, seen by the other to be unanswerable,
are quietly ignored, and attention is concentrated on subordi-
nate arguments to which replies, actnally or seemingly valid,
can be made. The original issue is thus commonly lost sight of.

More than once I have pointed out that, as influencing
men'’s views about Education, Ethics, Sociology, and Politics,
the question whether acquired characters are inherited is the
most important question before the scientific world. Hence
I cannot allow the discussion with Professor Weismann to
end in so futile a way as it will do if no summary of results
is made. Here, therefore, I propose to recapitulate the whole
case in brief. Primarily my purpose is to recall certain lead- -
ing propesitions which, having been passed by unnoticed,
remain outstanding. I will turn, in the second place, to such
propositions as have been dealt with ; hoping to show that the
replies given are invalid, and consequently that these pro-
positions also remain outstanding.

But something beyond a summing-up is intended. A
few pages at the close will be devoted to setting forth new
evidence which has come to light since the controversy
ocommenced—evidence which many will think sufficient in
itself to warrant a positive conclusion.

The fact that the tip of the fore-finger has thirty times the
A
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power of discrimination possessed by the middle of the back,
and that various intermediate degrees of discriminative power
are possessed by various parts of the skin, was set down as a
datum for my first argument. The causes which might be
assigned for these remarkable contrasts were carefully ex-
amined under all their aspects. I showed in detail that the
contrasts could not in any way be accounted for by natural
selection. I further showed that no interpretation of them
is afforded by the alleged process of panmixia : this has no
locus standi in the case. Having proved, experimentally, that
ability of the fingers to discriminate is increased by practice,
-and having pointed out that gradations of discriminativeness
in different parts correspond with gradations in the activities
of the parts as used for tactual exploration, I argued that
these contrasts have arisen from the organized and inherited
effects of tactual converse with surrounding things, varyingin
its degrees according to the positions of the parts—in other
words, that they are due to the inheritance of acquired
characters. As a crowning proof I instanced the case of the
tongue-tip, which has twice the discriminativeness of the fore-
finger-tip : pointing out that consciously, or semi-consciously,
or unconscionsly, the tongue-tip is perpetually exploring the
inner surfaces of the teeth.

Singling out this last case, Professor Weismann made, or
rather adopted from Dr. Romanes, what professed to be a
reply but was nothing more than the blank form of a reply.
It was said that though this extreme discriminativeness of
the tongue-tip is of no use to mankind, it may have been of
use to certain ancestral primates. No evidence of any such
use was given; no imaginable use was assigned. It was
simply suggested that there perhaps was a use.

In my rejoinder, after indicating the illusory nature of this
proceeding (which is much like offering a cheque on a bank
where no assets have been deposited to meet it), I pointed
out that had the evidence furnished by the tongue-tip never
been mentioned, the evidence otherwise furnished amply

gy em (L -« . =
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sufficed. I then drew attention to the fact that this evidence
had been passed over, and tacitly inquired why.
No reply.*

In his essay on “ The All-Sufficiency of Natural Selection,”
Professor Weismann set out, not by answering one of the
arguments I had used, but by importing into the discussion
an argument used by another writer, which it was easy to
meet. It had been contended that the smallness and de-
formity of the little toe are consequent upon the effects of
boot-pressure, inherited from generation to generation. To
this Professor Weismann made the sufficient reply that the
fasion of the phalanges and otherwise degraded structure of
the little toe, exist among peoples who go barefoot.

In my “Rejoinder ” I said that though the inheritance of
acquired characters does not explain this degradation in the
way alleged, it explains it in a way which Professor Weismann
overlooks. The cause is one which has been operating ever
since the earliest anthropoid creatures began to decrease
their life in trees and increase their life on the earth’s surface.
The mechanics of walking and running, in so far as they
concern the question at issue, were anslyzed; and it was
shown that effort is economized and efficiency increased in
proportion as the stress is thrown more and more on the
inner digits of the foot and less and less on the outer digits.
So that thus the foot furnishes us simultaneously with an
instance of increase from nse and of decrease from disuse: a
further disproof being yielded of the allegation that co-
operative parts vary together, since we have here co-operative
parts of which one grows while the other dwindles.

* In “The All-Sufficiency of Natural Selection !’ (Contemporary Review,
Sept. 1893, p. 811), Professor Weismann writes :—* I have ever contended
that the acoeptance of a principle of explanation is justified, if it can be
shown that without it certain facts are inexplicable.” Unless, then, Prof.
Welsmann can show that the distribution of discriminativeness is other-
wise explicable, he is bound to accept the explanation I have given, and
admit the inheritance of acquired characters.

W



4 WEISMANNISM ONCE MORE.

I ended by pointing out that, so far from strengthening
his own case, Professor Weismann had, by bringing into the
controversy this changed structure of the foot, given occasion
for strengthening the opposite case.

No reply.

We come now to Professor Weismann's endeavour to
disprove my second thesis—that it is impossible to explain
by natural selection alone the co-adaptation of co-operative
parts. It is thirty years since this was set forth in The
Principles of Biology. In § 166 I instanced the enormous
horns of the extinct Irish elk, and contended that in this, and
in kindred cases, where for the efficient use of some one
enlarged part many other parts have to be simultaneously
enlarged, it is out of the question to suppose that they can
bave all spontaneously varied in the required proportions. In
“The Factors of Organic Evolution,” by way of enforcing
this argument, which had, so far as I know, never been met,
I dwelt upon the aberrant structure of the giraffe. And then,
in the essay which initiated this controversy, I brought
forward yet a third case—that of an animal which, previously
accustomed only to walking, acquires the power of leaping.

In the first of his articles in the Contemporary Review
(September 1893), Irofessor Weismann made no direct
reply, but he made an indirect reply. He did not attempt
to show how there could have taken place in the stag the
‘ harmonious variation of the different parts that co-operate
to produce one physiological result” (p. 811); but he con-
tended that such harmonious variation must have taken place,
because the like has taken place in ‘ the neuters of state-
forming insects ”—‘animal forms which do not reproduce
-themselves, but are always propagated anew by parents which
are unlike them ” (p. 818), and which therefore cannot have
transmitted acquired characters. Singling out those soldier-
neuters which exist among certain kinds of ants, he
described (p. 318) the many co-ordinated parts required to
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make their fighting. organs efficient. He then argued that
the required simultaneous changes can ‘‘ only have arisen by
a selection of the parent-ants dependent on the fact that
those parents which produced the best workers had always
the best prospect of the persistence of their colony. No
other explanation is conoceivable; and it s yust because no
other explanation 13 conceivable, that it is mnecessary for usto
accept the principle of natural selection” (pp. 318-9).

[This passage initiated a collateral controversy, which, as
continually happens, has greatly obscured the primary con-
troversy. It became a question whether these forms of
neuter insects have arisen as Professor Weismann assumes,
or whether they have arisen from arrested development con-
sequent upon innutrition. To avoid entanglements I must
for the present pass over this collateral controversy, intending
to resume it presently, when the original issmes have been
dealt with.] '

No one will suspect me of thinking that the incon-
ceivability of the negation is not a valid criterion, since, in
“The Universal Postulate,” published in the Westminster
Review in 1852 and afterwards in The Principles of Psychology,
I centended that it is the ultimate test of truth. But then
in every case there has to be determined the question—J/s
the negation inconceivable; and in assuming that it is so in
the case named, lies the fallacy of the above-quoted passage.
The three separate ways in which I dealt with this position
of Professor Weismann are as follows:—

If we admit the assumption that the form of the soldier-
ant has been developed since the establishment of the
organized ant-community in which it exists, Professor
Weismann’s assertion that no other process than that which
he alleges is conceivable,is trne. But I pointed out that this
assumption is inadmissible; and that no valid conclusion
respecting the genesis of the soldier-ant can be drawn
without postulating either the ascertained, or the probable,
structure of those pre-social, or semi-social, ants from which
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the organized social ants have descended. I went on to con-
tend that the pre-social type must have been a conquering
type, and that therefore in all probability the soldier-ants
represent most nearly the structures of those ancestral ants
which existed when the society had perfect males and females
and could transmit acquired characters, while the other
members of the existing communities are degraded forms of
the type. .

No reply.

A further argument I used was that where there exist
different castes among the neuter-ants, as those seen in
the soldiers and workers of the Driver ants of West Africs,
‘““they graduate insensibly into each other” alike in their
sizes and in their structures; and that Professor Weis-
mann’s hypothesis implies a special set of *determinants”
for each intermediate form. Or if he should say that the
intermediate forms result from mixtures of the determinants
of the two extreme forms, there still remains the further
difficulty that natural selection has maintained, for innumer-
able generations, these intermediate forms which are injurions
deviations from the useful extreme forms.

No reply. .

One further reason—fatal it seems to me—was urged in
bar of his interpretation. No physical canse has been, or can
be, assigned, why in the germ-plasm of any particular queen-
ant, the * determinants ” initiating these various co-operative
organs, all simultaneously vary in fitting ways and degrees,
and still less why there occur such co-ordinated variations
generation after generation, until, by their accumulated
results, these efficient co-operative structures have been
evolved. I pointed out that in the absence of any assigned
or assignable physical cause, it is necessary to assume a
fortuitous concurrence of favourable variations, which means
« g fortuitous concourse of atoms”; and that it would be
just as rational, and much more consistent, to assume that
the structure of the entire organism thus resulted,




WEISMANNISM ONCE MORE. 7
No reply. s

It is reasonable to suspect that Professor Weismann
recognized these difficulties as insuperable, for, in his
Romanes Lecture on “The Effect of External Influences
upon Development,” instead of his previous indirect reply,
he makes a direct reply. Reverting to the stag and its
enlarging horns, he alleges a process by which, as he thinks,
we may understand how, by variation and selection, all the
bones and muscles of the neck, of the thorax, and of the
fore-legs, are step by step adjusted in their sizes to the in-
creasing sizes of the horns. He ascribes this harmonization
to the internal struggle for nutriment, and that survival of
the fittest which takes place among the parts of an organism :
a process which he calls ¢ intra~individual-selection, or more
briefly—1intra-sgelection ” (p. 12).

% Wilhelm Roux has given an explanation of the cause of these
wonderfully fine adaptations by applying the principle of selection
to the a}xu-ta of the organism. th'lst as there is a struggle for
survival among the individuals of a species, and the fittest are
victorious, so also do even the smallest living particles contend
with one another, and those that succeed best in securing food

and place grow and multiply rapidly, and so displace those that
are less suitably equipped ” (p. 12).*

That I do not explain as he does the co-adaptation of

* Prof. Weismann is unaware that the view here ascribed to Roux, writ.
ing in 1881, is of far earlier date. In the Westminster Review for January
1860, in an essay on * The Social Organism,” I wrote :—* One more paral-
lelism to be here noted, is that the different parts of a social organism,
like the different parts of an individual organism, compete for nutrimeut ;
and severally obtain more or less of it acoording as they are discharging
more or less duty.” (See also Essays, i. 290.) And then, in 1876, in The
Principles of Sociology, vol. i. § 247, I amplified the statement thus :—* All
other organs, therefore, jointly and individually, compete for blood with
each organ . . . local tissue-formation (which under normal conditions
measures the waste of tissue in discharging funotion) is itself a cause of
increased supply of materials . . . the resulting competition, not be-
tween units simply, but between organs, causes in a society, as in a living
body, high nutrition and growth of parts called into greatest activity by
the requirements of the rest.” Though I did not use the imposing phrase
* intra-individual-selection,” the process described is the same.
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co-operative parts, Professor Weismann ascribes to my having
overlooked this “ principle of intra-selection ”—an unlucky
supposition, a8 we see. But I do not think that when
recognizing it & generation ago, I should have seen its
relevanocy to the question at issue, had that issue then been
raised, and I certainly do not se¢ it now. Full reproduction
of Professor Weismann’s explanation is impracticable, for it
occupies several pages, but here are the essential sentences
from it :—

% The great significanee of intra-selection appears to me not to
depend on its producing structures that are directly transmissible,
—it cannot do that,—but rather consists in its causing a develop-
ment of the germ-structure, acquired by the selection of indR -
viduals, which will be suitable to varying conditions, . . . We
may therefore say that intra-selection effects the adaptation of
the individual to its chance developmental conditions,—the suiting
of the hereditary primary constituents to fresh circumstances”
(p. 16). . . . “But as the primary variations in the phyletic
‘metamorphosis occurred little by little, the secondary adaptations
would probably as a rule be able to keep pace with them. Time
would thus be gained till, in the course of generations, by con-
stant selection of those germs the primary constituents of which
are best suited to one another, the greatest possible degree of
harmony may be reached, and consequently a definitive meta-
morphosis of the species involving all the parts of the individual
may occur ” (p. 19).

The oonnecting sentences, along with those which precede
and succeed, would not, if quoted, give to the reader clearer
conceptions than these by themselves give. But when dis-
entangled from Professor Weismann’s involved statements, the
easential issues are, I think, clear enough. In the case of the
stag, that daily working together of the numerous nerves,
muscles and bones concerned, by which they are adjusted to
the carrying and using of somewhat heavier horns, produces
on them effects which, as I hold, are inheritable, but which, as
Professor Weismann holds, are not inheritable. If they are not
inheritable, what must happen ? A fawn of the next genera-
tion is born with no such adjustment of nerves, muscles and
bones as had been produced by greater exercise in the parent,
and with no tendency to such adjustment. Consequently if,
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in successive generations, the horns go on enlarging, all
these nerves, muscles and bones, remaining of the original
sizes, become utterly inadequate. The result is loss of life:
the process of adaptation fails. ‘No,” says Professor Weis-
mann, “ we must conclude that the germ-plasm has varied in
the needful manner.” How s0? The process of ¢ intra-
individual-selection,” as he calls it, can have had no effect,
since the cells of the soma cannot influence the reproductive
cells. In what way, then, has the germ-plasm gained the
characters required for producing simultaneously all these
modified co-operative parts. Well, Professor Weismann tells
us merely that we must suppose that the germ-plasm acquires
a certain sensitiveness such as gives it a proclivity to develop-
ment in the requisite ways. How is such proelivity obtainable ?
Only by having a multitude of its ‘‘ determinants ” simul-
taneously changed in fit modes. Emphasizing the fact that
even a small failure in any one of the co-operative parts
may be fatal, as the sprain of an over-taxed muscle shows us, I
alleged that the chances are infinity to one against the need-
ful variations taking place at the same time. Divested of
its elaboration, its abstract words and technical phrases,
the outcome of Professor Weismann’s explanation is that he
accepts this, and asserts that the infinitely improbable thing
takes place!

Either his argument is a disguised admission of the
inheritableness of acquired characters (the effects of ‘intra-
selection ) or else it is, a8 before, the assumption of a for-
tuitous concourse of favourable variations in the determinants
—-« g fortuitous concourse of atoms.”

Leaving here this main issue, I return now to that collateral
jssue named on a preceding page as being postponed—
whether the neuters among social insects result from specially
modified germ-plasms or whether they result from the treat-
ment received during their larval stages.

For the substantiation of his doctrine Professor Weismann

!:lllm. . a !
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is obliged to adopt the first of these alternatives; and in his
Romanes Lecture he found it needful to deal with the
evidence I brought in support of the second alternative.
He says that “poor feeding is not the causaz efficiens of
sterility among bees, but is merely the stimulus which noé
only results in the formation of rudimentary ovaries, but at the
same time calls forth all the other distinctive characters of the
workers” (pp. 29-30); and he says this although he has in
preceding lines admitted that it is “ true of all animals that
they reproduce only feebly or not at all when badly and
insufficiently nourished :” a known cause being thus dis-
placed by a supposed cause. But Professor Weismann
proceeds to justify his interpretation by experimentally-
obtained evidence.

He “ reared large numbers of the eggs of a female blow-
fily ”; the larves of some he fed abundantly, but the larvee of
others sparingly ; and eventually he obtained from the one set
flies of full size, and from the other small flies. Nevertheless
the small flies were fertile, as well as the others. Here,
then, was proof that innutrition had not produced infer-
tility ; and he contends that therefore among the neuter
social insects, infertility has not resulted from innutrition.
The argument seems strong, and to many will appear con-
clusive; but there are two differences which entirely vitiate
the comparison Professor Weismann institutes.

One of them has been pointed out by Mr. Cunningham.
In the case of the blow-fly the food supplied to the larves
though different in quantity was the same in quality ; in the
case of the social insects the food supplied, whether or not
different in quantity, differs in quality. Among bees, wasps,
ants, &c., the larvee of the reproductive forms are fed upon
a more nitrogenous food than are the larves of the workers;
whereas the two sets of larves of the blow-fly, as fed by
Professor Weismann, were alike supplied with highly nitro-
genous food. Hence there did not exist the same cause
for non-development of the reproductive organs, Here,
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then, is one vitiation of the supposed parallel. There is &
second.

‘While the development of an embryo follows in a rude way
the phyletic metamorphoses passed through by its ancestry,
the order of development of organs is often gradually modified
by the needs of particular species : the structures being deve-
loped in such order as conduces to self-sustentation and the
welfare of offspring. Among other results there arise differ-
enoces in the relative dates of maturity of the reproductive
system and of the other systems. It is clear, d prior, that it
must be fatal to a species if offspring are habitually produced
before the conditions requisite for their survival are fulfilled.
And hence, if the life is a complex one, and the care taken
of offspring is great, reproduction must be much longer de-
layed than where the life is simple and the care of offspring
absent or easy. The contrast between men and oxen suffi-
ciently illustrates this truth. Now the subordination of the
order of development of parts to the needs of the species, is
conspicuously shown in the contrast between these two kinds
of insects which Professor Weismann compares as though
their requirements were similar. What happens with the
blow-fly ? If it is able to suck up some nutriment, to fly
tolerably, and to scent out dead flesh, varions of its minor
organs may be more or less imperfect without appreciable
detriment to the species: the eggs can be laid in a fit place,
and that is all that is wanted. Hence it profits the species to
have the reproductive system developed comparatively early
—in advance, even, of various less essential parts. Quite
otherwise is it with social insects, which take such remark-
able care of their young ; or rather, to make the case parallel
—quite otherwise is it with those types from which the social
insects have descended, bringing into the social state their
inherited instincts and constitutions. Consider the doings of
the mason-wasp, or mason-bee, or those of the carpenter-bee.
‘What, in these cases, must the female do that she may rear
members of the next generation ? There is a fit place for
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building or burrowing to be chosen ; there is the collecting
together of grains of sand and cementing them into a strong
and water-proof cell, or there is the burrowing into wood and
there building several cells; there is the collecting of food
to place along with the eggs deposited in these cells, solitary
or associated, including that intelligent choice of small cater-
pillars which, discovered and carried home, are carefully
packed away and hypnotized by a sting, so that they may
live until the growing larva has need of them. For all these
prooeedings there have to be provided the fit external organs
—cutting instruments, &c., and the fit internal organs—
complicated nerve-centres in which are located these various
remarkable instinots, and ganglia by which these delicate
operations have to be guided. And these special struo-
tures have, some if not all of them, to be made perfect
and brought into efficient action before egg-laying takes
place. Ask what would happen if the reproductive system
were active in advance of these ancillary appliances. The
eggs would have to be laid without protection or food, and
the species would forthwith disappear. And if that full
development of the reproduetive orguns which is marked by
their activity, is not needful until these ancillary organs have
come into play, the implication, in conformity with the general
law above indicated, is that the perfect development of the
reproductive organs will take place later than that of these
ancillary organs, and that if innutrition checks the general
development, the reproductive organs will be those which
chiefly suffer. Hence, in the social types which have descended
from these solitary types, this order of evolution of parts will
be inherited, and will entail the results I have inferred.

If only deductively reached, this conclusion would, I think,
be fully justified. But now observe that it is more than de-
ductively reached. It is established by observation. Professor
Riley, Ph.D., late Government Entomologist of the United
States, in his annual address as President of the Biological
Soclety of Washmgton, on January 29, 1894, said :—

b .Hvoudmgc of the Bwlogwal Socwty of Washington, vol. ix
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“ Among the more curious facts connected with these Termites,

because of their exceptional nature, is the late development of the
internal sexual organs in the reproductive forms” (p. 34).
Though what has been shown of the Termites has not been
shown of the other social insects, which belong to a different
order, yet, considering the analogies between their social
states and between their constitutional requirements, it is a
fair inference that what holds in the one case holds partially,
if not fully, in the other. Should it be said that the larval
forms do not pass into the pupa-state in the one case as they
do in the other, the answer is that this does not affect the
principle. The larva carries into the pupa-state a fixed
quantity of tissue-forming material for the production of the
imago. If the material is sufficient, then a complete imago
is formed. If it is not sufficient, then, while the earlier-
formed organs are not affected by the deficiency, the defi-,
ciency is felt when the latest formed organs come to be
developed, and they are consequently imperfect.

Even if left without reply, Professor Weismann’s inter-
pretation commits him to some insuperable difficulties, which I
must now point out. Unquestionably he has “the courage
of his opinions ”; and it is shown throughout this collateral
discussion as elsewhere. He is compelled by accumulated
evidence to admit ““ that there is only one kind of egg, from
which queens and workers as well as males arise.”® But if
the production of one or other form from the same germ does
not result from speciality of feeding, what does it result from ?
Here is his reply :—

“ We must rather suppose that the primary constituents of
two distinct reproductive systems—e.g. those of the queen and
worker—are contained in the germ-plasm of the egg.”?

“The courage of his opinions,” which Professor Weismann
shows in this assumption, is, however, quite insufficient. For
since he himself has just admitted that there is only one kind
of egg for queens, workers, and males, he must at any rate
assume three sets of ¢ determinants.” (I find that on a subse-

* Romanes Lecture, p. 29. + 1b. p. 85.
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.quent page he does s80.) But this is not enongh, for
there are, in many cases, two if not more kinds of workers,
which implies that four sets of determinants must co-exist in
the same egg. Even now we have not got to the extent of
the assumption required. In the address above referred to
on “ Social Insects from Psychical and Evolutional Points of
View,” Professor Riley gives us (p. 33) the—
Forms in a Termes Colony under Normal Conditions.
1. Youngest larve.

2. Larve [of those] unfit 3. Larvee [that will be] fit
for reproduction. for reproduction.
/——’;Q - A ~
4 Larveof 5. Larvesof 8. Nymphs of 1st 9. Nymphs of 2nd
workers. soldiers. form. form.

| |
6. WorLers. 7. Boldiers.  10. Winged forms.

11. True royal pairs.
Hence as, in this family tree, the royal pair includes male
and female, it results that there are five different adult forms
(Grassi says there are two others) arising from like eggs or
larvee ; and Professor Weismann's hypothesis becomes pro-
portionately complicated. Let us observe what the compli-
cations are.

It often happens in controversy—metaphysical controversy
more than any other—that propositions are accepted without
their terms having been mentally represented. In public
proceedings documents are often * taken as read,” sometimes
with mischievous results ; and in discussions propositions are
often taken as thought, when they have not been thought
and cannot be thought. It sufficiently taxes imagination to
assume, as Professor Weismann does, that two sets of «ids”
or of “determinants ” in the same egg are, throughont all the
cell-divisions which end in the formation of the morula, kept
separate, so that they may subsequently energize independ-
ently; or that if they are not thus kept separate, they
have the power of segregating in the required ways. But
what are we to say when three, four, and even five sets of
¢«ids” or bundles of ““determinants ” are present? How is
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dichotomous division to keep these sets distinct ; or if they
are not kept distinct, what shall we say to the chaos which
must arise after many fissions, when each set in conflict with
the others strives to produce its particular structure? And
how are the conquering determinants to find their ways out of
the mélée to the places where they are to fulfil their organiz-
ing functions? Even were they all intelligent beings and
each had & map by which to guide his movements, the
problem would be sufficiently puzzling. Can we assume it
to be solved by unconscious units ?

Thus even had Professor Weismann shown that the special
structures of the different individuals in an insect~community
are not due to differences in the nurtures they receive, which
he has failed to do, he would still be met by this difficulty
in the way of his own view, in addition to the three other
insuperable difficulties grouped together in a preceding
section.

The collateral issue, which has occupied the largest space
in the controversy, has, as commonly happens, begotten a
second generation of collateral issues. Some of these are
embodied in the form of questions put to me, which I must
here answer, lest it should be supposed that they are unan-
swerable and my view therefore untenable.

In the notes he appends to his Romanes Lecture, Professor
Weismann writes :—

“One of the questions put to Spencer by Ball is quite sufficient
to show the utter weakness of the position of Lamarckism :—if
their characteristics did not arise among the workers themselves,
but were transmitted from the pre-social time, how does it happen

that the queens and drones of every generation can give anew to
the workers the characteristics which they themselves have long

ago lost ¢” (p. 68.)
Itis curious to see put forward in so triumphant a manner,
by a professed naturalist, & question so easily disposed of. I
answer it by putting another. How does it happen that
" among those moths of which the female has but rudimentary
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wings, she continues to endow the males of her species with
wings ? How does it happen, for example, that among the
Geometride, the peculiar structures and habits of which show
that they have all descended from a common ancestor, some
species have winged females and some wingless females ; and
that though they have lost the wings the ancestral females
had, these wingless females convey to the males the normal
developments of wings? Or, still better, how is it that in
the Psychidee there are apterous worm-like females, which lay
eggs that bring forth winged males of the ordinary imago
form ? If for males we read workers, the case is parallel to
the cases of those social insects, the queens of which bequeath
characteristics they have themselves lost. The ordinary facts
of embryonic evolution yield us analogies. What is the
most common trait in the development of the sexes? When
the sexual organs of either become pronounced, the incipient
ancillary organs belonging to the opposite sex cease to develop
and remain rudiments, while the organs special to the sex,
essential and non-essential, become fully developed ? What,
then, must happen with the queen-ant, which, through count-
less generations, has ceased to use certain structures and
has lost them from disuse? If one of the eggs which she
lays, capable, as Professor Weismann admits, of becoming
queen, male, or worker of one or other kind, does not at
s certain stage begin actively to develop its reproductive
system, then those organs of the ancestral or pre-social type
which the queen has lost begin to develop, and a worker
results.

Another difficulty in the way of my view, supposed to be
fatal, is that presented by the Honey-ants—aberrant members
of certain ant-colonies which develop so enormously the
pouch into which the food is drawn, that the abdomen
becomes little else than a great bladder out of which the
head, thorax, and legs protrude. This, it is thought, cannot
be accounted for otherwise than as a consequence of specially
endowed eggs, which it has become profitable to the com-
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munity for the queen to produce. But the explanation fits
in quite easily with the view I have set forth. No one will
deny that the taking in of food is the deepest of vital
requirements, and the correlative instinct a dominant one ;
nor will any one deny that the instinct of feeding young is
less deeply seated—comes later in order of time. So, too,
every one will admit that the worker-bee or worker-ant before
regurgitating food into the mouth of a larva must first of all
take it in. Hence, alike in order of time and necessity, it is
to be assumed that development of the nervous structures
which guide self-nutrition, precedes development of the
nervous stractures which guide the feeding of larvee. What,
then, will in some cases happen, supposing there is an
arrested development consequent on innutrition? It will in
some cases happen that while the nervous centres prompt-
ing and regulating deglutition are fully formed, the formation
of those prompting and regulating the regurgitation of the
food into the mouths of larvee are arrested. What will
be the consequence? The life of the worker is mainly
passed in taking in food and putting it out again. If the
putting out is stopped its life will be mainly passed in
taking in food. The receptacle will go on enlarging and it
will eventaally assume the monstrous form that we see.*
Here, however, to exclude misinterpretations, let me
explain. I by no means deny that variation and selection have
produced, in these insect-communities, certain effects such as
Mr. Darwin suggested. Doubtless ant-queens vary ; doubt-
less there are variations in their eggs; doubtless differences
of structure in the resulting progeny sometimes prove advan-
tageous to the stirp, and originate slight modifications of the
species. But such changes, legitimately to be assumed, are
changes in single parts—in single organs or portions of
organs. Admission of this does not involve admission that
* This interpretation harmonizes with a fact which I learn from Prof.
Riley, that there are gradations in this development, and that in some

species the ordinary neuters swell their abdomens so greatly with food
that they can hardly get home.

B
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there can take place numerous correlated variations in differ-
ent and often remote parts, which must take place simul-
taneously or else be useless. Assumption of this is what
Professor Weismann’s argument requires, and assumption of
this we have seen to be absurd.

Before leaving the general problem presented by the social
insects, let me remark that the various complexities of
action not explained by inheritance from pre-social or semi-
social types, are probably due to accumulated and trans-
mitted knowledge. I recently read an aoccount of the
education of a butterfly, carried to the extent that it became
quite friendly with its protector and would come to be
fed. If & non-social and relatively unintelligent insect is
capable of thus far consciously adjusting its actions, then
it seems a reasonable supposition that in a community of
social insects there has arisen a mass of experience and usage
into which each new individual is initiated ; just as happens
among ourselves. We have only to consider the chaos which
would result were we suddenly bereft of language, and if the
young were left to grow up without precept and example, to
see that very probably the polity of an insect-community is
made possible by the addition of intelligence to instinct, and
the transmission of information through sign-language.

There remains now the question of panmizia, which stands
exactly where it did when I published the ‘ Rejoinder to
Professor Weismann.”

After showing that the interpretation I put upon his view
was justified by certain passages quoted ; and after pointing
out that one of his adherents had set forth the view which
I combated—if not as his view yet as supplementary to it;
I went on to criticize the view as set forth afresh by Pro-
fessor Weismann himself. I showed that as thus set forth
the actuality of the supposed cause of decrease in disused
organs, implies that minus variations habitually exceed plus
variations—in degree or in number, or in both. Unless
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it can be proved that such an excess ordinarily occurs, the
bypothesis of panmiria has no place; and I asked, where is
the proof that it occurs.

No reply.

Not content with this abstract form of the question I put
it also in a concrete form, and granted for the nonce Professor
Weismann’s assumption : taking the case of the rudimentary
hind limbs of the whale. I said that though, during those early
stages of decrease in which the disused limbs were external,
natural selection probably had a share in decreasing them,
since they were then impediments to locomotion, yet when
they became internal, and especially when they had dwindled
to nothing but remnants of the femurs, it is impossible to
suppose that natural selection played any part: no whale
could have survived and initiated a more prosperous stirp in
vitue of the economy achieved by such a decrease. The
operation of natural selection being out of the question, I
inquired whether such a decrease, say of one-half when the
femurs weighed a few ounces, occurring in one individual,
could be supposed in the ordinary course of reproduction to
affect the whole of the whale species inhabiting the Arctic
Seas and the North Atlantic Ocean ; and so on with successive
diminutions until the rudiments had reached their present
minuteness. I asked whether sunch an interpretation counld
be rationally entertained.

No reply.

Now in the absence of replies to these two questions it
seems to me that the verdict must go against Professor Weis-
mann by default. If he has to surrender the hypothesis of

panmizia, what results ? All that evidence collected by Mr.,
Darwin and others, regarded by them as proof of the inherit-
ance of acquired characters, which was cavalierly set aside on
the strength of this alleged process of panmixia, is reinstated.
And this reinstated evidence, joined with much evidence since
farnished, suffices to establish the repudiated interpretation.

In the printed report of his Romanes Lecture, after fifty
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pages of complicated speculations which we are expected to
accept as proofs, Professor Weismann ends by saying, in
reference to the case of the neuter insects :—

This case is of additional interest, as it may serve to convince
those naturalists who are still inclined to maintain that acquired
characters are inherited, and to support the Lamarckian principle
of development, that their view cannot be the right one. It has
not proved tenable in a single instance (p. 54).

Most readers of the foregoing pages will think that since
Professor Weismann has left one after another of my chief
theses without reply, this is rather a strong assertion; and
they will still further raise their eyebrows on remembering
that, as I have shown, where he has given answers his answers
are invalid.

And now we come to the additions which I indicated at the
outset as having to be made—certain evidences which have
come to light since this controversy commenced.

When, by a remembered observation made in boyhood,
joined with the familiar fact that worker-larvee can be changed
into the larves of queens by feeding, I was led to suggest that
probably all the variations of form in the social insects are
consequent on differences of nurture, I was unaware that
elaborate observations and experiments justifying this sup-
position had been made, and that Professor Grassi has
recently published observations on the food-habits of two
European species of Termites, shewing that the various forms
are due to feeding. Professor Grassi is known to be a most
careful observer, and some of the most curious of his facts
are confirmed by the collection of white ants exhibited by
Dr. David Sharp, F.R.S,, at the soirée of the Royal Society in
May last. He has favoured me with the following account
of Grassi’s results, which I publish with his assent :—

“There is great variety as to the constituents of the com-
munity and economy of the species in White Ants. One of
the simplest conditions known is that studied by Grassi in the
case of the European species Calotermes flavicollis. In this
species there is no worker caste; the adult forms are only of two
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kinds, viz., soldiers, and the males and females; the sexes are
externally almost indistinguishable, and there are males and
fomales of soldiers as well as of the winged forms, though the
sexual organs do not undergo their full development in any soldier
whether male or female.

“The soldier is not however a mere instance of simple arrested
development., It is true that there is in it arrested development
of the sexual organs, but this is accompanied by change of form
of other parts—changes so extreme that one would hardly suppose
the soldier to have any connection with either the young or the
adult of the winged forms.

“Now according to Grassi the whole of the individuals when
born are undifferentiated forms (except as to sex), and each one
is capable of going on the natural course of development and thus
becoming a winged insect, or can be deviated from this course-
and made into a soldier ; ’this i is accomplished by the White Ants
by special courses of feeding.

“The evidence given by Grassi is not conclusive as to the
young being all born alike; and it may be that there are some
individuals born that could not be deviated from the natural
course and made into soldiers. But there is one case which seems
to show positively that the deviation Grassi believes to occur is
reel, and not due to the selection by the ants of an individual
that though appearing to our eyes undifferentiated is not really
so. This is that an individual can be made into a soldier after it
has visibly undergone one half or more of the development into a
winged form. The Termites can in fact operate on an individual
that has already acquired the rudiments of wings and whose head
is totally destitute of any appearance of the shape or of the arma-
ture peculiar to the soldier, and can turn it into a soldier; the
rudiments of the wings being in such a case nearly entirely re-
absor

Grassi has been for many years engaged in investigating
these phenomena, and there is no reason for rejecting his
statement. We can scarcely avoid accepting it, and if so,
Professor Weismann’s hypothesis is conclusively disposed of.
Were there different sets of “determinants” for the soldier-
form and for the winged sexual form, those *determinants”
which had gone a long way towards producing the winged
sexual form, would inevitably go on to complete that form,
and could not have their proclivity changed by feeding.

The other piece of additioual evidence I have referred to,
is furnished by two papers contributed to The Journal of
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Anatomy and Physiology for October 1893 and April 1894, by
R. Havelock Charles, M.D., &c. &c., Professor of Anatomy
in the Medical College, Lahore. These papers set forth
the differences between the leg-bones of Europeans and
those of the Punjaub people—differences caused by their
respective habits of sitting in chairs and squatting on the
ground. He enumerates more than twenty such differences,
chiefly in the structures of the knee-joint and ankle-joint.
From the resumé of his second paper I quote the following
passages, which sufficiently show the data and the infer-
ences :—

7. The habits as to sitting postures of Europeans differ from
those of their pre-historic ancestors, the Cave-dwellers, d&c., who
probably squatted on the ground.

¢ 8, The sitting ures of Orientals are the same now as ever.
They have retained the habits of their ancestors. The Europeans
have not done so.

“9, Want of use would induce changes in form and size, and so,
gradually, small differences would be integrated till there would
be total disappearance of the markings on the European skeleton,
as no advantage would accrue to him from the possession of
facets on his bones fitting them for postures not practised by
him.

10. “The facets seen on the bones of the Panjabi infant or fetus
have been transmitted to it by the accumulation of peculiarities
gained by habit in the evolution of its racial type—in which an
acquisition having become a permanent possession, ¢profitable
to the individual under its conditions of life,” is transmitted as a
useful inheritance.

11. “These markings are due to the influence of certain positions,
which are brought about by the use of groups of muscles, and
they are the definite results produced by actions of these muscles.

12. “The effects of the use of the muscles mentioned in No. 11
are transmitted to the offspring, for the markings are present
in the fatus-in-utero, in the child at birth, and in the infant,

18, “ The markings are instances of the transmission of acquired
characters, which heritage in the individual, function subsequently
develops.”

No other conclusion